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Abstract  
Introduction: Upper cross syndrome is a condition seen frequently due to poor ergonomics. This 
syndrome usually results from prolonged periods of poor posture and repetitive behaviours 
(such as flexion of the cervical spine whilst looking at digital screen devices, reading and long 
periods seated at a desk) and in the older generation due to degeneration of the joints in the 
neck and upper back. Muscle imbalances occur in groups of muscles that are weak (rhomboids, 
serratus anterior, middle and lower trapezius and deep neck flexors) and muscles that are tight 
(upper trapezius, pectoralis major and levator scapulae). The imbalances in the upper back and 
neck that develops, causes stress and strain on the neck and upper back facet joints resulting in 
pain. This pain can persist, becoming chronic and as a result become an impairment in daily life. 
The aim of this study was to compare the effectiveness of cervical and thoracic manipulations, 
Kinesioä abdominal core taping and the combination of the two in the management of upper 
cross syndrome. The benefits of this study could determine whether chiropractic manipulations 
of the cervical and thoracic spine, Kinesioä abdominal core taping or a combination of the two 
treatments is more effective in the management of upper cross syndrome. This study could 
provide more concise knowledge on the effectiveness of abdominal core taping for the 
proprioceptive activation of the core and the alteration of posture due to the biomechanical 
chain links. This study could provide a better treatment protocol for patients suffering from 
upper cross syndrome and could be expanded to treat patients with lower cross syndrome. 
Method: A selection of 30 participants (male or female) all presenting with upper cross 
syndrome between the ages of 18 and 60 years old were recruited. Participants that were willing 
to partake in this study and that meet the inclusion and exclusion criteria were randomly 
allocated into one of the three groups of ten participants each. Group one to group three were 
allocated to the patients by randomly drawing either a 1, 2 or 3 from a box. There were ten slips 
with 1, ten with 2 and ten with 3 written on. Drawing 1, 2 or 3 represented which group the 
participant had been allocated to. Group one received Chiropractic manipulations to the cervical 
and thoracic spine. Group two received Kinesioä taping of the abdominal core muscles and 
group three received a combined treatment of manipulations and Kinesioä abdominal core 
muscles taping.  
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Procedure: The study consisted of six chiropractic treatment sessions with additional seventh 
follow-up consultation in which only data was collected. All the participants were treated twice 
a week for a three week trial period. Subjective and objective data was collected at the first, 
fourth and seventh consultations. Subjective data was collected via the pain visual analogue 
scale and the numerical pain rating scale and the Northwick Park Pain Questionnaire. Objective 
data was collected via cervical range of motion device and plumb line readings. The method of 
treatment was administered to each participant as allocated by his or her random group 
allocation.  
Results: This study showed that spinal manipulative therapy and the use of Kinesoä tape on the 
abdominal core, used individually or as a combination, had an effect on all three treatment 
groups. Group two showed the greatest improvement in the subjective data with a decrease in 
the pain visual analogue scale and the numerical pain rating scale by 35.42% and a decrease of 
30% for the Northwick Park Pain Questionnaire. Group three showed the most improvement in 
objective data of cervical spine range of motion, however cannot be considered a clinically 
significant improvement. In the plumb line readings all three groups improved. However there 
were areas of unequal improvement between the groups. None of the three research groups 
showed a clear distinction of greater improvement of the plumb line readings versus another 
group. 
Conclusion: When looking at the overall improvement of the participants throughout this study 
there was no clear distinction in which treatment protocol was more superior to the others as 
the rates of statistical significance was low. From the statistical analysis it is seen that any of the 
three treatments protocols could be a beneficial treatment protocol in the management of 
upper cross syndrome as all three treatment protocols can be considered equal in this study.  
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Chapter One – Introduction 
1.1 The problem statement  
Upper cross syndrome is a condition seen frequently due to poor ergonomics. This syndrome 
usually results from prolonged periods of poor posture and repetitive behaviours (such as 
flexion of the cervical spine whilst looking at digital screen devices, reading and long periods 
seated at a desk) and in the older generation due to degeneration of the joints in the neck and 
upper back (Smith, Louw, Gous, Grimmer-Somers, 2009). 
Muscle imbalances occur in groups of muscles that are weak (rhomboids, serratus anterior, 
middle and lower trapezius and deep neck flexors) and muscles that are tight (upper trapezius, 
pectoralis major and levator scapulae). The imbalances in the upper back and neck that 
develops, causes stress and strain on the neck and upper back facet joints resulting in pain. This 
pain can persist, becoming chronic and as a result become an impairment in daily life (Moore, 
2004).  
The abnormal position that is seen in upper cross syndrome causes increased stress at the 
atlanto-occipital joint, cervical vertebrae 4 and 5 as well as thoracic vertebra 4. The stress at 
these spinal segments can lead to cervical and/or thoracic facet dysfunction and result in pain 
(Wyatt, 2004).  
Spinal manipulative therapy to the cervical and upper thoracic spine has been shown to be an 
effective treatment method in easing the pain and correcting the abnormal posture seen in 
upper cross syndrome. The manipulations practised by chiropractors are a common intervention 
and treatment in cases of acute and chronic neck pain and has been shown to be effective. There 
has also been research into a multimodal approach to neck pain with increased benefits (Bryans, 
Decina, Descarreaux, Duranleau, Marcoux, Potter, Ruegg, Shaw, Watkin, White, 2014). 
Kinesiology tape is designed to affect the body’s pain processing systems and position via altered 
proprioception input created by the glue on the underside of the tape that makes contact with 
the skin. This design innovation causes increased stimulation to the cutaneous 
mechanoreceptors, altering stimuli that is transmitted to the afferent receptors in the skin an 
on to the nerve that controls the muscles in the surrounding area (Murray and Husk, 2010). This 
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results in an overall effect in the muscles that are located in same biomechanical chain (Kenzo, 
Tatsuyuki, Tomoki, 2003). 
The tape is designed to be flexible enough to not restrict movements, yet strong enough to 
support and stabilise the muscles and joints (Kenzo et al, 2003).  
The application of tape over a period of short of time frames assists with the modulation of pain 
related to myofascial dysfunction, as well as affects the stimulation of mechanoreceptors 
altering movement and muscular function of the taped areas (Murray and Husk, 2010). 
1.2 Aim 
The aim of this study was to compare the effectiveness of cervical and thoracic manipulations, 
Kinesioä abdominal core taping and the combination of the two in the management of upper 
cross syndrome.  
1.3 Benefits of the study 
The outcomes of the study may provide more knowledge on the therapeutic effects and 
different treatment options in the management of upper cross syndrome. The evidence 
obtained in this study can be used by other chiropractors to possibly enhance their outcomes 
treatment of upper cross syndrome in their patients. 
The benefits of this study could determine whether chiropractic manipulations of the cervical 
and thoracic spine, Kinesioä abdominal core taping or a combination of the two treatments is 
more effective in the management of upper cross syndrome.  
This study could provide more concise knowledge on the effectiveness of abdominal core taping 
for the proprioceptive activation of the core and the alteration of posture due to the 
biomechanical chain links. This study could provide a better treatment protocol for patients 
suffering from upper cross syndrome and could be expanded to treat patients with lower cross 
syndrome. 
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Chapter Two- Literature Review  
 
2.1 Introduction 
Upper cross syndrome is a prevalent postural syndrome that develops due to muscle imbalances 
in the upper body. It is the result of weakening and lengthening of upper neck muscles and 
shortening and tightening of the chest and anterior neck muscles. Patients that suffer from this 
syndrome are more likely to develop abnormal postures such as an anterior head carriage, loss 
of cervical lordosis, upper back pain as well as shoulder tension, and be at risk for developing 
tension-type headaches (Moore, 2004).  
The abnormal muscle activity and subsequently abnormal underlying joint movement alters the 
normal, ideal and efficient anatomical alignment which will result in the development of chronic 
pain symptoms due to cervical facet syndrome (Moore, 2004) 
The abnormal position that is seen and maintained in upper cross syndrome causes increased 
stress at the atlanto-occipital joint, cervical vertebrae 4 and 5 (C4 and C5) as well as thoracic 
vertebrae 4 (T4). The stress at these spinal segments can lead to cervical and/or thoracic facet 
dysfunction and result in pain and eventually contribute to degeneration with time (Moore, 
2004).  
Spinal manipulative therapy to the cervical and upper thoracic spine has been shown to be an 
effective treatment method in easing the pain and correcting the abnormal posture (Bergmann 
and Peterson, 2011). 
2.2 Functional anatomy of cervical spine 
2.2.1 Cervical vertebrae 
The cervical spine (commonly referred to as the neck) is the proximal part of the axial skeleton 
that is found between the base of the skull and the thorax. It consists of cervical vertebrae one 
to seven (C1-C7).  These seven bones are grouped into two osteological groups- typical and 
atypical. These classifications are made according to the bones’ anatomical variations and 
features. The atypical vertebrae are atlas (C1), axis (C2) and C7. These three vertebrae have 
anatomical features that are different from all the other cervical vertebrae, including 
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themselves. Vertebrae C3-C6 are typical as they exhibit similar anatomical traits to each other 
(Moore, Agur, Dally, 2014).  
The cervical vertebrae have a unique anatomical feature called the transverse foramen. These 
foramens appear in the transverse processes on either side of the vertebrae and allow for the 
passage of the vertebral artery up the cervical spine and towards the foramen magnum where 
it will join the circle of Willis at the base of the brain (Levangie and Norkin, 2005). 
The cervical spine can be further divided into upper and lower cervical spine. The upper cervical 
spine consists of the occiput condyles, the atlas (C1), the axis (C2) and the articulations between 
the second and third vertebrae. The lower cervical spine consists of articulations between the 
third to seventh vertebrae (Levangie and Norkin, 2005).  
2.2.1.1 Atypical cervical vertebrae 
The atlas (C1), axis (C2) and C7 are the atypical vertebrae in the cervical spine. Each of these 
vertebrae exhibit unique features that are essential to the functioning of the overall cervical 
spine as well as to their specific spinal segments. They each have unique anatomical traits that 
are not seen in any of the other vertebrae including the traits of the other two atypical 
vertebrae. 
a) Atlas (C1) 
The atlas is unique as it is a vertebra that is ring shaped and has no vertebral body present in 
the center and no spinous process extending posteriorly. The atlas has superior articulations 
that articulate with the occipital condyles on the base of the skull above and inferior 
articulations that articulate with the axis (C2) below. The atlas supports the weight of the occiput 
and transmits the forces of the craniovertebral region (atlas-occipital articulation) to the rest of 
the cervical spine below (Moore et al, 2014).  
The atlas has two prominent lateral masses that align directly underneath the occipital condyles 
above that allow for the transmission of forces from the skull down into the cervical spine. These 
two lateral masses are connected to the vertebral ring by an anterior and posterior arch. The 
lateral masses have four articular facets- two superior and two inferior (Moore et al, 2014).  
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The superior facets are large, concaved and articulate with the convex articular surfaces of the 
occiput condyles. The inferior facets are inferiorly directed, slightly convex and articulate with 
the superior condyles of the axis. On the internal surface of the anterior arch of the atlas there 
is another facet that allows for articulation between the atlas and the odontoid process of the 
axis (Levangie and Norkin, 2005). 
b) Axis (C2) 
The function of the axis is to transmit the forces from the occiput and the atlas down further 
into the cervical spine. The axis is designed so that it enables a wide range of stable movement 
in the upper cervical spine including rotation. It is an atypical vertebra due to the shape of it’s 
vertebral body (Moore et al, 2014).   
The anterior aspect of the vertebral body extends inferiorly and there is a vertical projection 
that arises from the superior surface of the vertebral body, the odontoid process, also commonly 
known as the dens. The odontoid process has two articular facets that are situated anteriorly 
and posteriorly. The anterior facet articulates with the internal arch of the atlas. The posterior 
facet of the odontoid articulates with the transverse ligament that arises and reattaches to the 
atlas (Moore et al, 2014). 
 The arch of the axis has two facets superiorly and inferiorly. The superior facet articulates with 
the inferior facet of the atlas and the inferior facet of the axis articulates with the superior facets 
of C3 below. The axis has a large and elongated spinous process that extends from the posterior 
aspect of the body that may spilt into two parts distally, referred to as a bifid spinous process 
(Moore et al, 2014). 
c) Cervical vertebra seven (C7) 
C7 is commonly called the “vertebral prominens” due to it’s longer than normal posteriorly 
extending spinous process. The spinous process is slender and angulated inferiorly. It is a 
transition vertebra as it shows traits of the cervical spine as well as the thoracic spine. The 
superior articular facets are similar in shape and orientation to those of the typical vertebrae of 
the cervical spine above, and the inferior articular facets are similar in shape and orientation to 
the vertebrae of the thoracic spine below. The joint formed between C7 and thoracic vertebra 
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one (T1) forms the cervicothoracic junction- the connection between the cervical and thoracic 
regions (Moore et al, 2014).   
2.2.1.2 Typical cervical vertebrae (C3-C6) 
The third to sixth vertebrae are typical vertebrae as they exhibit similar traits to each other. The 
bodies of the vertebrae are small, the transverse diameter is greater than anterior-posterior 
diameter and the height of the body. The vertebrae bodies steadily increase in size from the 
third to the sixth vertebrae. The pedicles are found between the superior and inferior surfaces 
of the vertebral bodies and are angulated posterior-laterally (Moore et al, 2014). 
The laminae are thin, slightly curved and project posterior-medially. The superior and inferior 
articular processes support the paired superior and inferior facets of the vertebrae above and 
below. The paired superior facets are flat and oval shaped and face superior-posteriorly. The 
paired inferior facets face anterior and are more in the frontal plane than the superior facets. 
The superior facets of the vertebral segments C3-C7 are steeply orientated (Levangie and 
Norkin, 2005).  
The transverse foramen is located on either side within the transverse processes. The foramen 
allows for the passage of the vertebral artery, vertebral vein and venous plexus. There are 
grooves between the vertebrae that allow the passage of the spinal nerves. The spinous 
processes from C3-C6 are short, slender and extended horizontally. The length of the spinous 
processes steadily increase from C3-C6. The vertebral foramen that encases the spinal cord is 
located at the posterior aspect of the vertebral body. The vertebral foramen is large and 
triangularly shaped (Levangie and Norkin, 2005).  
2.2.2 Joints of cervical spine  
a) Intervertebral disc  
The intervertebral disc provides an additional point of contact between the vertebral bodies and 
serves as an additional attachment point for ligaments. There is no intervertebral disc between 
the atlas and occiput or between the axis and atlas. (Moore et al, 2014) 
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The outer disc is composed of fibrous tissue ring called the annulus fibrosis and an inner 
gelatinous nucleus pulposus at the center. The outer layer of the annular fibrosis in the cervical 
intervertebral discs are crescent shaped. The discs are thickened anteriorly and tappers laterally 
until its attachment at the uncinate processes. The annulus fibrosis is thinner posteriorly and 
even thinner laterally (Levangie and Norkin, 2005).  
The nucleus pulposus is a small, gelatinous substance that is transparent and is found at the 
center of the intervertebral disc. It is a composed of a mucopolysaccharide matrix that is mostly 
composed of water. The matrix is further composed of protein-bound chondroitin sulphate, 
hyaluronic acid and keratin sulphate. The nucleus has collagen fibers, chondrocytes and 
connective tissue cells, mature collagen fibers. There are no blood vessels that supply blood to 
the disc and no nerves that innervate the disc, therefore the discs rely on diffusion for nutrients 
and the surrounding joints for proprioceptive input. The nucleus pulposus is responsible for the 
disc’s resilience and due to its composition it can distribute axial and compressive loads as well 
as accommodate rotational, flexion and extension movements. The nucleus pulpous is spherical 
in shape and is surrounded by the annulus fibrosis. Due to its shape and location it creates a 
swivel joint between the vertebral segments. The disc adds additional mobility, joint 
congruency, and works with the facet joints of the adjacent vertebral bodies to absorb and 
distribute force as well as allow maximal range of motion for the bony articulations, giving the 
cervical spine its wide range of motion (Levainge and Norkin, 2005). 
b) Facet joints (zygapophyseal joints) 
The facet joints (or otherwise known as zygapophyseal joints) are diarthrodial joints. These 
joints are formed between the superior and inferior facets on both the right and left posterior 
aspects of the vertebral bodies between the adjacent vertebral body levels. These joints can be 
found throughout the spine. The facet joints are true synovial joints as they are encapsulated by 
a joint capsule and within the joint there is synovial fluid. Between the bony articulations (the 
superior and inferior processes) there are fibroadipose meniscoids. The mensicoid structures 
are attached to the outer margins of the facets (Levangie and Norkin, 2005).  
The joints capsules are loose and unrestrictive during normal movement to allow for larger 
ranges of motions. The joint capsules tighten at the end ranges of motion to limit movement 
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that may pass the anatomical barrier which could result in injury. The main function of the joint 
capsule is to be involved in protecting the articular surfaces of the superior and inferior 
processes during range of motion, especially with flexion and extension of the vertebral column 
as these are two movements with the greatest degrees of freedom (Levangie and Norkin, 2005).  
The superior facets project superolaterally and are directed midway between the coronal and 
frontal planes. The inferior facets project anteroinferiorly and are orientated closer to the 
frontal planes than the superior facets. The orientation of the superior and inferior facets allows 
for optimal articulation between these two bony projections and maximum joint congruency 
(Moore et al, 2014).  
2.3 Functional anatomy of the thoracic spine 
The thoracic vertebrae lie between the cervical spine (C7) and the lumbar spine (L1) and form 
the middle section of the spine. The thoracic vertebrae serve as an attachment site for the ribs 
and numerous muscles. The thoracic vertebrae have a specific costal facet on either side of the 
vertebral bodies to allow for specific articulation with the ribs (Moore et al, 2014).  
2.3.1 Atypical thoracic vertebrae 
The majority of thoracic vertebra follow the same basic structural design of the thoracic 
vertebral bones except for thoracic vertebra one (T1) and thoracic vertebra twelve (T12). These 
two vertebrae are atypical as they have transitional characteristics that are similar to the 
cervical and lumbar vertebrae respectively, allowing for optimal articulation, range of motion 
and stability (Moore et al, 2014).  
a) Thoracic vertebra one (T1) 
The first thoracic vertebra has a similar body shape to the cervical vertebra. The transverse 
diameter is twice the size anteroposterior diameter. The spinous process of T1 is also longer 
and prominent than the other thoracic vertebrae spinous processes (Levangie and Norkin, 
2005). 
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b) Thoracic vertebra twelve (T12) 
The twelfth thoracic vertebra superior facets are similar to the thoracic facets, allowing for good 
articulation with T11. The superior facets of T12 are directed posterolateral. The inferior facets 
however are more similar to the lumbar articular facets of L1, and are therefore the inferior 
facets of T12 are directed posterior medially (Moore et al, 2014). 
2.3.2 Typical thoracic vertebrae  
The thoracic vertebra from T2-T11 are considered typical thoracic vertebrae as they all have 
similar bony characteristics. These vertebrae all have equal transverse and anteroposterior 
diameters. The shape and size of the vertebral bodies allow for better stability within the 
thoracic spine due to the shape and size of the vertebral bodies. The thoracic vertebral bodies 
are described as wedged-shaped as the posterior height of the bodies are slightly higher than 
the anterior height. This difference in height from anterior to posterior creates a slight slope in 
the thoracic spine that can be described as the thoracic kyphosis, which is normal feature of the 
thoracic spine (Levangie and Norkin, 2005). 
The head of the rib articulates with the superior costal facets of the same numbered vertebra 
and the inferior costal facet of the vertebra above, as well as the intervertebral disc between 
the two adjacent vertebral bodies. The rib heads are tightly connected to the vertebral bodies 
via strong ligaments so that there is only slight gliding motion possible at the demifacets (the 
facets formed half by the superior costal facets and half by the inferior costal facet) (Moore et 
al, 2014). 
The pedicles of the thoracic vertebrae face posteriorly with very little or no lateral projection, 
creating a small vertebral canal for nervous and vascular tissues to run through. The laminae at 
the posterior lateral aspect of the vertebrae are thick, short and wide. The transverse processes 
have thickened ends that support the paired large, oval facets that articulate with the tubercles 
of the ribs. The spinous processes slope inferiorly and from T5 to T8, overlapping the spinous 
process of the adjacent inferior vertebra. The vertebral foramen is small and circular (Moore et 
al, 2014). 
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The superior zygapophyseal facets are thin and almost flat. These joints face posteriorly and 
slightly superolaterally. The inferior zygapophyseal joints face anteriorly and slightly 
superomedially. The facets lie mostly in the frontal plane (Levangie and Norkin, 2005). 
2.3.3 Joints of the thoracic spine  
2.3.3.1 Intervertebral discs (IVD) 
The thoracic intervertebral discs are thinner when compared to any of the discs in other spinal 
regions. The disc thickness varies within the thoracic region, with the upper thoracic discs being 
thinner than the lower thoracic discs. The ratio of disc size to vertebral body size is the smallest 
in the thoracic region. This ratio means that there is greater stability but less mobility in the 
thoracic spine. The intervertebral disc are higher posteriorly in height than the anterior height 
which results a in a wedge shape disc. This shape of the disc is complimentary to the shape of 
the vertebral body, therefore adding another factor that causes the normal thoracic kyphotic 
curvature. The intervertebral discs primary function is to resist extreme movements and assist 
in stabilizing the vertebral segments in the thoracic region (Levangie and Norkin, 2005). 
2.3.3.2 Facet joints (zygapophyseal joints) 
The thoracic zygapophyseal joints are classified as plane synovial joints with fibroadipose 
meniscoids present between the articular processes. These joints lie approximately 20⁰ off the 
frontal plane, allowing for a greater range of motion to occur in lateral flexion and rotation and 
lesser range of motion in flexion and extension. The joint capsules around the facet joints also 
play a role in limiting the range of motion as they are tighter than the cervical and lumbar regions 
and therefore limit movement sooner than the other two spinal regions (Levangie and Norkin, 
2005).  
2.4 Biomechanics of cervical spine  
2.4.1 Atlanto-occipital joint 
The antlo-occipital joint occurs between the occipital condyles of the occipital bone of the skull 
and the superior facets of the atlas (C1). The articular facets of the atlas are oval in shape. The 
long axes of the atlas runs obliquely, anterior and medially. The facets are concave in both 
11 
 
directions and have roughly the same curves. The occipital facets are convex and therefore are 
congruent with facets of the atlas (Bogduk and Mercer, 2000). 
a) Rotation of the atlanto-occipital joint (Bogduk and Mercer, 2000) 
• Atlanto-occipital rotation occurs secondary to atlanto-axial rotation 
• Rotation creates tension of the ligaments around the atlanto-occipital joint, especially in  
the lateral atlanto-occipital ligament 
• On rotation there is a normal displacement of the facets depending on the direction of 
rotation 
• The tension in the ligaments tend to pull the ipsilateral facet medially 
• This phenomenon causes linear displacement of 2-3mm and lateral flexion to the contra-
lateral side of rotation simultaneously 
b) Lateral flexion of the atlanto-occipital joint (Bogduk and Mercer, 2000) 
• There is no lateral flexion movement at the atlanto-axial joint  
• Therefore, lateral flexion occurs in conjunction at the atlanto-occipital and the lower cervical 
spinal joints 
• At the atlanto-occipital joint the movement that is part of lateral flexion consists of sliding 
of the facets of the occiput to the right on left lateral flexion and vice versa when in the 
opposite direction 
• The range of motion at this joint is very small and not easily observed  
• The occipital facets and the odontoid approximate towards each other but do not come into 
contact because of tension in the supporting ligaments and capsule, especially the atlanto-
occipital and atlanto-odontoid ligaments that maintain joint integrity, stability and normal 
movement 
• The range of motion is approximately 3⁰ between the atlas and occiput  
c) Flexion/extension of the atlanto-occipital joint (Bogduk and Mercer, 2000) 
• The occiput facets slide on the facets of the atlas (C1) 
• During flexion the occipital facets move on the lateral masses of the atlas 
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• Simultaneously the occipital bone separates its articular surface away from the posterior 
arch of the atlas below 
• Flexion is limited by the joint capsule at this spinal segment and the posterior ligaments 
accompanying the joint 
• During extension the occipital facets slide anteriorly on the atlas facets and the occipital 
bone closer in direction to the posterior arch of the atlas 
• Extension is limited by the bony components of the occiput, the axis and the atlas 
• The range of movement is approximately 15⁰ 
2.4.2 Atlanto-axial joint 
The atlanto-axial joint is made up of three joints- the atlanto-odontoid joint (the odontoid acting 
as a pivot point for the atlas to move about) and the two atlanto-axial joints. The atlanto-axial 
joints are on the right and left hand sides and are symmetrical. The axis (C2) has an oval superior 
articular facet which is convex anteroposterior and straight transversely. This facet is cylindrical 
in shape and faces superiorly and slightly laterally. The odontoid is cylindrical in shape and has 
a slight posture curve. The articulating surface of the odontoid is slightly biconvex and is 
congruent with the facet on the arch of the atlas located at the posterior aspect of the anterior 
arch (C1). The superior articulating facet of the atlas is concave anteroposterioly and faces 
posteriorly, running obliquely anteromedially. This facet articulates with the occipital condyles. 
The inferior articular facet of the atlas is convex anteroposterioly and therefore articulates with 
the axis. This alignment allows for easy flexion and extension to occur. The inferior facet of the 
axis faces inferiorly and anteriorly and articulates with the lower vertebra (C3) (Bogduk and 
Mercer, 2000).  
a) Flexion/Extension of the atlanto-axial joint (Bogduk and Mercer, 2000) 
• The atlantodental articular surfaces are kept in close proximity with each other due to the 
strong stabilizing action of the transverse ligament of the atlas  
• This ligament causes the center of rotation of the atlanto-axial complex being approximately 
at the center of the odontoid  
• During flexion and extension the inferior facets of the atlas roll and slide on the superior 
facets of the axis  
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b) Rotation of the atlanto-axial and atlanto-odontoid joints (Bogduk and Mercer, 2000) 
• During rotation the odontoid stays fixed and the osteo-ligamentous ring formed by the 
transverse ligament of the atlas and the anterior arch of the atlas turns about an axis 
corresponding to the Y-axis of the odontoid  
• This rotation action stretches the joint capsule on the contra-lateral side of rotation and 
relaxes it on the ipsilateral side  
• With rotation at the atlanto-axial joint, the superior facets of the axis, which are convex in 
an anteroposterior direction therefore causing an up-and-down movement of the atlas 
• The atlas is at its highest point in neutral position 
• Neutral position of the cervical spine occurs when the atlas and axis lie directly on top of 
one another 
• When the lateral mass of the atlas moves forward during rotation, it tends to move down 
about 2-3cm, and the same amount of movement occurs when the lateral mass of the atlas 
moves backwards 
• With full range of motion in rotation the movement of the atlas is helical in shape, which is 
a result of the up-and-down movement of the atlas associated with the rotational 
component  
2.4.3 Lower cervical spine  
a) Flexion/Extension of the lower cervical spine C3-C7 (Bogduk and Mercer, 2000) 
• The superior articular facets faces posteriorly and superiorly whilst the inferior facets face 
inferiorly and anteriorly 
• The facets are slightly concave in the sagittal plane  
• During extension the superior aspect of the vertebral body tilts posteriorly and slides 
posteriorly too 
• The spinous processes approximate towards the other spinous process and the nucleus 
pulpous of the intervertebral disc tends to be driven anteriorly, causing the anterior fibers 
of the annulus fibrosis of the intervertebral disc to be stretched 
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• Due to the normal, physiological cervical lordosis the center of movement is not around the 
center of the facet curvatures, and this causes the facet interspace to open and widen 
anteriorly 
• Extension is controlled by the stretching of the anterior longitudinal ligament, the impact of 
the superior facets on the inferior facets and the posterior arches of the spinous processes 
approximating 
• During flexion, the superior aspect of the vertebral bodies tilt anteriorly and slide anteriorly, 
causing movement of the nucleus pulpous posteriorly and stretching the posterior fibers of 
the annulus fibrosis 
• The anterior tilting is assisted by the anterior direction of the cervical lordosis, encouraging 
the vertebral body to move forwards 
• As with extension, the center of movement is not directly over the curvatures of the facet 
joints and the facets will tend to approximate superiorly and separate posteriorly 
• Flexion is limited by the posterior longitudinal ligament, the ligament flavum, the joint 
capsule and the posterior ligaments  
b) Combined rotation and lateral flexion of the lower cervical spine (Bogduk and Mercer, 2000)  
• Lateral flexion and rotation of the lower cervical spine are movements that are dictated by 
the facet orientation in space 
• Pure rotation and lateral flexion are not possible individually as the movement of the facets 
would be equivalent in rotation and in lateral flexion  
• Therefore the movement of rotation and lateral flexion is a combination of lateral flexion 
and rotation   
• In the lower cervical spine the facets are aligned more horizontally 
• The more horizontal the facets are in the lower cervical spine means that the rotational 
movement will be more than the lateral flexion movement (and not equivalent) 
• In the upper cervical spine rotation and lateral flexion movements are equivalent to one 
another  
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• When considering the whole cervical spine there is also a degree of extension involved with 
rotation and lateral flexion. This additional motion is more obvious in the upper cervical 
spine than in the lower cervical spine 
• Therefore, the cervical spine can only preform a certain combination types of movement 
with rotation, lateral flexion and extension and they cannot occur independently  
2.4.4 Ranges of the motion of the cervical spine  
The cervical spine has six different ranges of motion: 
• Flexion 
• Extension 
• Left lateral flexion  
• Right lateral flexion 
• Left rotation 
• Right rotation 
In flexion the whole cervical spine has a normal range of motion of 45⁰ with a maximum of 90⁰ 
flexion. In extension the whole cervical spine has a normal range of motion of 55⁰ with a 
maximum of 70⁰. The range of motion of the sub-occipital column is between 20⁰-30⁰ for both 
flexion and extension. In lateral flexion to both the left and right hand sides the whole cervical 
spine has a normal range of motion of 20⁰-45⁰. The range of motion for the sub-occipital column 
in lateral flexion is 8⁰. In rotation to the right and left hand sides the whole cervical spine has a 
normal range of motion of 70⁰-90⁰. The range of motion of the sub-occipital column for rotation 
is 12⁰ (Bogduk and Mercer, 2000). 
2.5 Biomechanics of the thoracic spine  
a) Facets of the thoracic vertebrae 
The superior articular facets are of the thoracic spine are oval in shape, flat or slight convex 
transversely. They face posteriorly, slightly superiorly and laterally. The inferior facets are also 
oval in shape, flat or slightly concave transversely. They face anteriorly and slightly medially and 
inferiorly. At T12 the superior articular facets are the same as the rest of the thoracic spine, 
however the inferior articular facets at T12 articulate with the superior facets of the first lumbar 
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vertebrae. Therefore the inferior facets face laterally and anteriorly and are convex transversely 
(Edmondston and Singer, 1997; Oxland, 2016). 
b) Flexion, extension and lateral flexion of the thoracic spine (Oxland, 2016) 
• In flexion the anterior intervertebral disc is compressed and the vertebral bodies 
approximate. There is stretching of the posterior fibers of the annulus fibrous and the 
nucleus pulpous moves posteriorly with flexion  
• The articular facets separate during flexion causing an opening of the joint space  
• The inferior part of the inferior articular facets tends to overhang the superior part of the 
superior articular facets of the vertebra below 
• The amount of motion in flexion is checked by the interspinous ligaments, ligamentum 
flavum, the joint capsule and the posterior longitudinal ligament 
• In extension the vertebral bodies approximate posteriorly and there is simultaneous 
compression of the intervertebral discs posteriorly 
• The anterior fibers of the intervertebral disc are stretched and the nucleus pulpous tends to 
move anteriorly with extension 
• The facets slide over one another with the inferior articular facet moving inferiorly and 
slightly posteriorly over the top of the superior articular facet of the adjacent vertebra below 
• The movement is limited by the locking of the facets when in close approximation, the 
approximation of the spinous processes between the vertebrae above and below as well as 
the tension in the anterior longitudinal ligament 
• During lateral flexion the facets glide and move relative to one another  
• On the contralateral side to lateral flexion the facets move in the same manner as in flexion 
(superiorly and anteriorly) and the ipsilateral side moves the same as in extension (inferiorly 
and posteriorly) 
• These movements are coupled and must occur together due to the orientation of the facets 
• The intervertebral disc is compressed on the ipsilateral side while the annulus fibrous is 
stretched on the contralateral side, the nucleus pulpous tends to move towards the 
contralateral side away from the compressed side 
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• The lateral flexion movement is checked on the contralateral side by the intertransverse 
ligaments and the ligamentum flavum, and on the ipsilateral side by the approximation of 
the articular facets  
c) Rotation of the thoracic spine (Oxland, 2016) 
• In rotation the facets slide over one another with the axis of rotation being through the 
center of the vertebral body  
• With rotation the intervertebral disc is subjected to a twisting force which allows a greater 
rotation to occur  
• Rotational movement is limited by the bony thoracic cage, even though it is a flexible bony 
cage 
• Any movement motion segments in the thoracic spine will cause a similar movement with 
the corresponding rib pair (one rib on either side of the vertebral body) 
• The ribs are attached to the sternum anteriorly via costal cartilage, the ribs’ movements are 
limited, but the ribs become slightly distorted allowing for the range of motion to be 
maintained  
• The distortion of the ribs that occurs presents in the following sequence: 
o Accentuation of the concavity of the rib on the ipsilateral side of rotation 
o Flattening of the rib concavity on the contralateral side to rotation 
o Accentuation of the costochondral concavity on the contralateral side to rotation 
o Flattening of the costochondral concavity on the ipsilateral side of rotation 
• The movement of rotation results in a twisting of the sternum, causing it to lie obliquely, 
and mirror the rotation movement of the vertebra. This movement is so small it is not seen 
clinically  
• In the elderly the costal cartilage ossifies and the joints become stiffer. The movement is 
therefore reduced further as the thoracic cage is now more rigid and less likely to distort 
with normal movement 
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2.6 Upper cross syndrome  
2.6.1 Introduction 
Upper cross syndrome is a very common muscle imbalance syndrome that is caused by a 
muscular imbalance. There is a distinct pattern that develops. The patient presents with an 
anterior head carriage (resulting from tightened anterior musculature and weakened posture 
musculature), increased cervical lordosis and thoracic kyphosis, elevated and protracted 
shoulders, abduction of the scapula (resulting in winging) (Vizniak and Carnes, 2012).  
The patient may have a history of shoulder instability, numbness in limbs due to nerve pain in 
the neck and arms, instability in gait, giddiness resulting from extension of the head, headaches, 
painful shoulders (usually from rotator cuff issues) and pain in the cervical spine and shoulders 
due to degenerative joint disease of the facet joints and glenohumeral joint (Vizniak and Carnes, 
2012). 
In combination with the anterior head carriage and rounded shoulders, patients that have upper 
cross syndrome are also found to have cervicocranial, glenohumeral and temporomandibular 
joints that are stressed. Due to altered mechanics in these joints there is as a result trigger points 
that further contribute to muscle imbalances and abnormal movement at the overstressed 
joints. These patients may suffer from associated headaches, neck pain, shoulder/scapula pain, 
temporomandibular and shoulder disorders (Magklaras, 2008). 
The tight or hypertonic grouped muscles consists of the upper trapezius fibres, pectoralis major 
and levator scapulae. The group of muscles that are considered the weak muscle grouping are 
major and minor rhomboids, serratus anterior, middle and lower fibres of trapezius and the 
deep neck flexors as well as both divisions of sternocleidomastoid (Frank, Lardner, Page, 2010).  
The muscular system functions are influenced according to stimuli received from the central 
nervous system as well as the musculoskeletal system. Any dysfunction or interruption in either 
of these systems will be reflected in the muscular system. The result of the dysfunction may 
vary from altered muscle tone, muscular contractions, impaired balance, altered coordination 
and poor performance- or may be a combination of any number of these. Muscle imbalance 
syndromes usually occur due to systemic change in quality of the muscle’s function and this is 
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as a result of a change in the joint (or several adjacent joints) mechanics. These changes can 
with time develop into degeneration of the affected joints (Vizniak and Carnes, 2012). 
The posture that is present in upper cross syndrome causes the two groupings of muscles to 
either be short or lengthened, as demonstrated in the in figure 2.1 below.  
 
Figure 2.1: Visual demonstration of upper and lower cross syndrome (Katselas, 2016) 
The group of muscles that become tight in this imbalanced and abnormal posture have become 
progressively tight with time due to the persistent lengthening of the muscle fibres. The muscles 
maintain this lengthened position by increasing the sarcomeres present in the muscle. This 
causes a shift the length-tension curve to the right, causing an increase in the muscles tension 
generation capacity. The group of muscles that are weaker in upper cross syndrome are due to 
the fact they are persistently in a shortened position. The muscles that maintain this short 
position lose sarcomeres and the weakness is enhanced further as the muscular tissue is 
subsequently flooded with connective tissue. The length tension relationship curve shifts to the 
left and results in a decrease of these muscles ability to generate tension (Frank et al, 2010).   
2.6.2 Muscles involved 
Upper cross syndrome involves several muscles that are classified into two groups- a tight and 
a weak group. The tightened muscles consist of upper trapezius fibers, pectoralis major, and 
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levator scapulae. The weaker group consists of major and minor rhomboids, serratus anterior, 
middle and lower trapezius fibers and the deep neck flexors. 
Table 2.1: Muscles affected by upper cross syndrome (Moore et al, 2014) 
MUSCLE ORIGIN INSERTION ACTION INNERVATION GROUPING 
Trapezius 
External 
occipital 
protuberance, 
medial side of 
superior 
nuchal line, 
nuchal 
ligament and 
spinous 
processes of 
C7-T12 
Lateral 
third of 
clavicle, 
acromion 
and spine 
of scapula 
Elevation 
and 
retraction of 
the scapula 
Upward 
rotation of 
scapula 
Unilateral: 
lateral 
flexion of 
head 
Bilateral: 
Extension of 
head 
Stabilization 
of scapula 
during arm 
movements 
Spinal 
accessory 
nerve, cranial 
nerve XI 
Upper 
fibers: tight 
 
Lower 
fibers: 
weak 
Pectoralis 
major 
Upper fibers: 
medial half of 
clavicle 
Middle fibers: 
anterior 
sternum 
Lateral lip 
of bicipital 
groove on 
humerus 
(crest of 
the greater 
tubercle) 
Adduction 
and medial 
rotation of 
shoulder 
Horizontal 
adduction of 
shoulder 
Medial and 
lateral 
pectoral 
nerves C8-T1 
Tight 
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Lower fibers: 
costal 
cartilage of 
ribs 1-6 
Clavicular 
portion: 
flexion of 
shoulder 
Levator 
scapulae 
Transverse 
processes of 
C1-C4 
Medial 
border of 
scapula 
Elevation of 
scapula, 
extension 
and lateral 
flexion of 
the neck 
Dorsal scapula 
nerve C3-C5 
Tight 
Rhomboid 
major 
Spinous 
processes T2-
T5 
Medial 
border of 
scapula, 
spine of 
scapula to 
inferior 
angle 
Adduction 
od scapula 
Elevation 
and 
downward 
rotation of 
scapula 
Dorsal scapula 
nerve C4-C5 
Weak 
Rhomboid 
minor 
Spinous 
processes C7-
T1 
Medial 
border of 
scapula, 
medial 
angle and 
the root of 
the scapula 
spine 
Adduction 
od scapula 
Elevation 
and 
downward 
rotation of 
scapula 
Dorsal scapula 
nerve C4-C5 
Weak 
Serratus 
anterior 
Ribs 1-9, on 
the lateral 
surface 
Costal 
surface of 
the medial 
boarder of 
scapula 
Abduction 
and upward 
rotation of 
scapula. 
Stabilizes 
Long thoracic 
nerve C5-C7 
Weak 
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scapula for 
upper 
extremity 
movements 
Sternocleido- 
Mastoid 
Sternal head: 
manubrium 
of sternum 
Clavicular 
head: medial 
portion of 
clavicle 
Mastoid 
process of 
temporal 
bone 
Rotation of 
head to 
contralateral 
side 
Lateral 
flexion to 
ipsilateral 
side 
Bilateral 
action: neck 
flexion and 
capital 
extension 
Spinal 
accessory 
nerve, cranial 
nerve XI 
Weak 
Longus capitus 
Transverse 
processes of 
C3-C5 
Occipital 
bone 
(basilar 
portion) 
Flexion of 
head 
Lateral 
flexion of 
head and 
neck 
Cervical spinal 
nerves, 
ventral rami 
C1-C3 
Weak 
Longus 
cervicis (colli) 
Lower 
anterior 
vertebral 
bodies, 
transverse 
processes of 
C3-T3 
Anterior 
vertebral 
bodies and 
transverse 
processes 
of C1-C6 
Flexion and 
lateral 
flexion of 
neck 
Cervical spinal 
nerves, 
ventral rami 
C2-C6 
Weak 
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Scalene 
anterior 
Transverse 
processes of 
C3-C5, from 
anterior 
tubercle 
First rib on 
scalene 
tubercle 
Flexion and 
ipsilateral 
flexion of 
neck 
Elevation of 
first rib (if 
neck 
stabilized) 
Cervical spinal 
nerves, 
ventral rami 
C3-C6 
Weak 
 
2.6.3 Effects of upper cross syndrome 
In upper cross syndrome the patient presents with an anterior head carriage (resulting from 
tightened anterior musculature and weakened posture musculature), increased cervical lordosis 
and thoracic kyphosis, elevated and protracted shoulders, abduction of the scapula (resulting in 
winging) (Vizniak and Carnes, 2012).  
Upper cross syndrome usually develops over a period of time due to poor sustained posture 
which produces an abnormal stress at the cervicocranial junction (C0/C1), C4/C5 segment and 
the T3/T4/T5 segments. The alerted shoulder position also creates an additional stress felt in 
the glenohumeral joint. The direction of the axis of the glenoid fossa changes due to this 
rounded posture and also causes rotation and abduction of the scapula. The shift in the scapula 
position then causes the levator scapulae and upper trapezius muscles to try to add support 
however theses muscles become over-active in their attempts to try and stabilize the head of 
the humerus (Vizniak and Carnes, 2012).  
Postural patterns are sustained for long periods of time due to a complex arrangement of 
proprioceptive inputs that are as a result of poor/repetitive habits, lack of ergonomics, different 
body types and psychogenic factors (self-esteem). Some common examples of people that 
develop upper cross syndrome include people that sit at a desk/in front of a computer for long 
hours of time, people who exercise with poor technique and posture and imbalanced training 
(Moore, 2004). 
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Upper cross syndrome does not occur in isolation. It is linked to lower cross syndrome however 
this can occur without the patient being aware of any pain or postural abnormalities. Lower 
cross syndrome is characterized by the tightening of the thoraco-lumbar extensors, rectus 
femoris and iliopsoas muscles and the weakening of the transverse and oblique abdominals and 
gluteal muscles. A clear posterior pelvic tilt will also be observed in the patient due to the weak 
gluteal muscles (Moore, 2004).  
Deviations from the optimal alignment of the structures will eventually result in the production 
of chronic pain syndromes such as cervical facet syndrome. Cervical facet syndrome involves the 
cervical facet joints, which have become damaged or irritated due to injury and/or over use. 
This therefore results in associated cervical spine and upper shoulder pain that may or may not 
refer to the midline of the upper thoracic spine (Wyatt, 2004).   
Neck pain is experienced with cervical facet syndrome and is usually described, by the patient, 
intermittent or persistent pain that is dull and achy in nature. A patient with upper cross 
syndrome will present with limited range of motion throughout the cervical spine. Other clinical 
features include tenderness over the facet joints during palpation, tenderness over the 
paraspinal muscles during palpation and/or with active or passive range of motion. The pain can 
also be sharp and localized pain that refers into the upper thoracic spine. Neck spasms are also 
commonly associated with upper cross syndrome and cervical facet syndrome due to the active 
trigger points in the surrounding musculature (Vizniak and Carnes, 2012).  
2.7 Chiropractic spinal manipulative therapy  
Chiropractic cervical and thoracic spine manipulation is achieved by delivering a high velocity 
low amplitude thrust via a pectoral impulse through the contact hand. This force is delivered to 
a restricted segment and aims to restore normal range of motion within a joint. The contacted  
joint is taken through passive range of motion to the elastic barrier of resistence and this point 
a high velocity, low amplitude thrust is applied to the identified and contacted segement 
resulting in joint gapping which may or may not be accompanied with an audible cavitation. This 
is illustrated in the figure 2.2 below (Bergmann and Peterson,2011). 
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Figure 2.2: Chiropractic principles of a manipulation (Bergmann and Peterson, 2011) 
Chiropractic spinal manipulations are safe  according to a systematic review study conducted in 
2009 by doctors Liliana Gouveia, Pedro Castanho and Joaquim Ferreria. It was reported that the 
majority of reported adverse events following a chiropractic treatment were benign and 
transitory. However life threatenning events such as strokes occurred as frequently as 5 strokes 
per 100 000 manipulations (Gouveia, Castanho, Ferrerira, 2009).  
In a Population-based, case-control and case-crossover study conducted in 2009 it was 
determined that the likelihood of a vertebrobasilar artery stroke occurring after a chiropractic 
visit and a visit to a primary care physician was the same percentage risk. This was due to the 
pain the patient was feeling as a result of dissecting arteries/clots forming and moving within 
the artery (that would later lead to the stroke) would cause them to seek medical treatment. 
Therefore regardless of a visit to a medical professional or not these incidents would have 
occurred. Therefore it was determined that chiropractic spinal manipulative spinal therapy is 
safe and does not aid in causing a stroke (Cassidy, Boyle, Cote, Yaohua, Hogg-Johnson, Silver, 
Bondy, 2009). 
Adverse reactions to chiropractic spinal manipulations can be predicted to a degree. Patients 
more likely to suffer a severe adverse e reaction, once screened and flagged as likely to react to 
the treatment should then not be manipulated. Normal side effects following a treatment, such 
as fatigue and stiffness, must be clearly stipulated and not considered “abnormal” or adverse 
reactions to chiropractic care (Cagniea, Vincka, Beernaertb, Cambiera, 2004). 
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Chiropractic manipulations are effective in the treatment of chronic and acute neck pain. It is 
also often identified in randomized trials that the combined use of exercise (strengthening and 
stretching exercises) and chiropractic spinal manipulations to the cervical and thoracic spine can 
assist in reducing chronic neck pain as well as give the patient satisfaction with care (Bronfort, 
Evans, Nelson, Aker, Goldsmith, Vernon, 2001). 
Chiropractic manipulations to the cervical spine and upper thoracic spine have been proven to 
be useful in the management of nonspecific neck pain. The level of evidence varies from 
moderate for acute and short-term treatment plans, and is limited in the long term management 
for chronic neck pain (Vincent, Maigne, Fischhoff, Lanlo, Dagenais, 2013).  
Enebo (2003) conducted a pilot study on healthy individuals. It was proven that in conjunction 
with improving spinal range of motion, the spinal manipulation can also improve the quality of 
the motion. The cervical spinal joints that were manipulated showed an increase in overall 
movement accuracy and a decreased overall movement variability. 
Chiropractic manipulative techniques improve mechanical function in an area of dysfunction, 
and this has been shown to equate in a reduction of pain. Cassidy, Lopes, Yong-Hing, (1992) 
conducted a randomized trial, that is referenced in more recent textbooks, that proposes that a 
single chiropractic manipulation applied to the same side that pain is felt can cause a significant 
reduction in pain overall as well as improved range of motion. 
2.7.1 Vertebral subluxation complex  
The vertebral subluxation complex is a theory that is used to describe a dysfunctional spinal 
segment. A chiropractic subluxation can be described as “a motion segment in which movement, 
integrity and physiological function has been partially altered however the joint surfaces remain 
intact” (Gatterman, 2005). 
The vertebral subluxation complex is best described as a pathological process that is 
encompasses several different pathological changes that occur in the spine simultaneously. This 
complex of pathological changes can be subdivided into five categories (Gatterman, 2005): 
• Neurophysiology 
• Kinesiopathology 
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• Myopathology 
• Histopathology 
• Biochemical changes 
By having these several different subcategories different components such as anatomical 
changes, histopathology, myopathlogy, kinesiopathology, neurophysiology, inflammation, 
anatomy, connective tissue structures and muscles  can all be considered and linked to create a 
holistic clinical picture . This generation of connections between different aspects can be used 
to recognize and best describe a subluxation syndrome (dysfunction of spinal segment). The 
subluxation is caused by tissue changes that have occurred and are no longer considered normal 
in the context of the body’s biomechanics, biochemistry, physiology or anatomy (Gatterman, 
2005). 
The nervous system is relevant to Chiropractic as it is highly involved in the vertebral subluxation 
complex, therefore it is of high importance to be able to relate the relationship between the 
spinal articulations and the nervous system (Vizniak and Carnes, 2012). 
a) Neurophysiology 
The neurophysiologic theories of the vertebral subluxation complex is based on two theories. 
The first theory is that of the intervertebral encroachment concept and the second theory is of 
that of the altered somatic afferent input concept (Gatterman, 2005). 
The intervertebral encroachment theory states that the effects of the pressure being applied to 
the structures within the intervertebral foramen and the resultant effects either increases or 
decreases the neural activity. Increased neural activity results in paresthesia, pain and 
hypertonic muscular activity. Decreased neural activity results in numbness and weakness to 
the muscles in the affected areas. A facet syndrome can suggest that a vertebral subluxation 
may lead to degree of intervertebral encroachment and as a result there will be inflammation, 
tension and pressure in the facet joint that then causes a protuberance of the facet joint into 
the vertebral foramen resulting in pressure of the contents contained within the space 
(Gatterman, 2005). 
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The second neurophysiology theory, the altered somatic afferent input theory, is applicable to 
the vertebral segments C0/C1 and C1/C2. The intervertebral encroachment theory is not 
applicable to these levels of the cervical spine due to the difference in their intervertebral spaces 
when compared to the remainder of the cervical spine. Chiropractic manipulations have been 
shown to still have a positive effect at these levels despite them not exhibiting encroachment. 
It is therefore suggested that there is altered afferent input from the spinal nerves to the 
surrounding structures and this produces the same signs and symptoms that were attributed to 
a vertebral subluxation (Gatterman, 2005).  
Spinal manipulations therefore done at the level of involved segments is said to normalize the 
afferent input to the central nervous system which stabilizes normal nociception, normal 
reflexes, normal muscle tone, normal joint mobility and sympathetic activity (Esposito and 
Philipson, 2005). 
 
 
 
 
 
 
 
 
 
Figure 2.3: Vertebral subluxation complex model (Gatterman, 2005) 
b) Kinesiopathology 
The motion segment is the fundamental unit of spinal movement and is made up of a three joint 
complex- two adjacent vertebrae and an intervertebral disc between them. The facet joints are 
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surrounding joint capsules, intra-articular synovial fluid and extra-articular ligaments. 
Kinesiopathology discusses abnormal motion at an involved segment that therefore leads to 
compensatory changes elsewhere in the spine. These changes occur in the presence of a joint 
subluxation, which accumulates dysfunction such as poor vascularity as a result of decreased 
joint motion, degenerative changes due to malalignment and increased stresses through a joint, 
tissue deposition resulting in scar tissue formation, and the formation of joint adhesions that 
lead to joint hypomobility. Chiropractors aim to restore motion at joint segments that have 
reduced mobility and function through spinal manipulative techniques. These techniques 
increase the range of motion back to within normal physiologic ranges (Bergmann and Peterson, 
2011, Gatterman, 2005). 
c) Myopathology 
Myopathology refers to muscle spasm or disuse atrophy as a result of compensation, facilitation 
or Hilton’s Law (Gatterman, 2005).  
Hilton’s law states that the nerve that supplies a joint also supplies the relevant muscles which 
move the joint as well as the area of skin overlying it (Hebert-Blouin, Tubbs, Carmichael, Spinner, 
2014). 
d) Histopathology 
Histopathology describes microscopic changes that are occurring in tissues such as muscles, 
discs and spinal joints during the process of subluxation, trauma and degeneration. Reduced 
mobility in a joint has been shown to contribute to an increased amount of histopathological 
changes. Histopathological changes and biochemical changes are closely linked (Gatterman, 
2005).  
e) Biochemical changes  
Histopathological changes and biochemical abnormalities occur together in the presence of 
inflammation due to inflammatory mediators in the blood and in the affected tissues. These 
mediators release chemicals that cause nociceptors to become active resulting in heightened 
pain (Gatterman, 2005).  
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2.7.2 Chiropractic spinal manipulation effects 
Spinal manipulative theory is described as “segment-specific” spinal manual therapy that 
includes high velocity, low amplitude thrust techniques and segment mobilization (Bergmann 
and Peterson, 2011).  
The clinical effects achieved by cervical and thoracic manipulations according to Esposito and 
Philipson are as follows (Esposito and Philipson, 2005): 
1. Increase in active and passive range of motion by restoring the normal axis of rotation 
2. Reduction in pain 
3. Increase in skin pain tolerance 
4. Increase in paraspinal muscle pain tolerance 
5. Reduction in muscle electrical activity and tension 
6. Consistent, reliable reflex response in muscles in the spine and limbs 
7. Release of entrapped meniscoid, hyperplastic synovial tissue or synovial folds 
8. Breaking of contractile adhesions and collagen adhesions in the local soft tissue and 
supporting structures 
9. Effects upon the intervertebral disc either in the form of intradiscal block or generalised 
effects of disc protrusion 
10. Various autonomic responses including vasomotor changes, pseudomotor activity and 
changes in visceral regulation control 
 
Spinal manipulative therapy has been shown to be an effective form of treatment used by 
chiropractors for conditions such as cervical facet syndrome and upper cross syndrome (Vizniak 
and Carnes, 2012).  
Synovial joints have a small area of passive mobility beyond the active range of motion (joint 
play). Palpation of specific segments assess joint play that is possible at these segments and may 
reveal abnormalities such as lack of movement or block (abnormal end ranges). These abnormal 
findings would be classified as a restricted segment. The end feel is described as an anatomical 
barrier type of feeling that has an elastic quality (therefore also known as the elastic barrier of 
resistance). Chiropractic manipulation aims to restore normal motion at the restricted segment 
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by moving the joint past the elastic barrier of resistance and into the paraphysiological space. 
The popping sound heard as a result of this exaggerated motion is caused by the two articular 
surfaces being suddenly separated (also known as gapping of the joint) that causes a release of 
gasses resulting in a cavitation (Bergmann and Peterson, 2011).  
The separation of articular facet joint surfaces is beneficial as it corresponds to the breaking 
down of connective tissue adhesions that have formed and worsened hypomobile joints. The 
separation of joint surfaces may also release entrapped synovial folds and can stimulate afferent 
nerves that innervate the respective joints. Due to all these changes it results in a reflex 
neurological change that assists with normal functioning and a decrease in pain at that area 
(Esposito and Philipson, 2005). 
a) Reflex theories of spinal manipulation  
Chiropractic spinal manipulation causes a short-lived phasic response due to the activation of 
deep and superficial mechanoreceptors in the facet joints. A long-term tonic response is also 
initiated and achieved by stimulation of nociceptive receptors and noxious stimulation. 
Analgesia via chiropractic spinal manipulation can be achieved as the action of the spinal 
segmental manipulation activates and supplies input to superficial and deep somatic 
mechanoreceptors, proprioceptors and nociceptors in the facet joints. The overall outcome are 
strong afferent sensory impulses that allow blocking of nociceptive signals to the central nervous 
system (Davis, Gyer, Micheal, 2017).  
Manual therapies, specifically chiropractic adjustment techniques, have been hypothesized to 
cause an interruption in somaticoautomatic reflexes that are harmful to our wellbeing. This is 
done by disrupting the noxious input in the process of being relayed to the spinal cord. When 
there is an injury to a tissue in or near to a vertebral segment it is possible to have a muscle 
spasm accompanying it. These events can cause an overload of nociceptive information to be 
delivered to the spinal cord. If this nociceptive input is strong enough and lasts long enough it 
can result in segmental facilitation. Chiropractic manipulation to the affected area can cause a 
decreased strain on the joint and a decrease in the muscle spasm. This would cause the 
nociceptive input to the spinal cord to be ameliorated or reduced (Gatterman, 2005). 
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2.8 Kinesioä tape  
2.8.1 Introduction 
The Kinesioä taping material and techniques were designed to facilitate movement and not 
restrict movement. Kinesiology tape is an elastic cotton type of tape that has acrylic adhesive 
on its underneath and allows for wide range of stretching. Kinesiology tape has been used for 
therapeutic treatments of a variety of musculoskeletal and sporting injuries as well as 
inflammatory conditions. It was developed to mimic human skin in both thickness and elasticity. 
This allows for full range of motion with no restriction (Kenzo et al, 2013).  
2.8.2 The effects of Kinesioä taping  
The tape is applied to the skin (after allergy tests have been completed to test for adverse 
reactions). The adhesive picks up the skin and causes for a small pouch to be created between 
the skin and lower dermis layers. The effects of Kinesioä taping according to Kenzo et al (2003): 
1. Correcting muscle function by strengthening weakened muscles 
2. Improving circulation of blood and lymph by eliminating fluid or bleeding beneath the skin 
by moving the muscle 
3. Decreasing pain through neurological suppression 
4. Repositioning subluxed joints by relieving abnormal muscle tension, helping to return the 
function of the fascia  and muscle  
 
Murray and Husk (2010) described Kinesioä tape to cause an increase in proprioception through 
increased stimulation to cutaneous mechanoreceptors.  
Kinesioä tape has been adapted by many companies into several branded products. Some offer 
pre-cut taping options whilst others are sold in continuous rolls of differing lengths that can be 
cut and used as one desires. Jardine (2009) conducted a study on a branded, pre-cut Kineso™ 
taping option called SpiderTech™ Therapy, offers beneficial effects by altering the sensorimotor 
input when applied to the skin. The altered sensorimotor input causes neuroplastic changes 
through neurosensory applications to the sensory gating mechanism. This mechanism is 
responsible for pain, and pain reduction and cause the restoration of muscle function needed 
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for optimal movement. This is obtained via Kineso™ tape as the muscles and soft tissue below 
the skin are able to move and stretch without restriction as the tape does not restrict 
movement. The continuous stimulation of the tape on the skin’s surface causes an interrupted 
chain of signals that would otherwise be carrying nociceptive signals in the central nervous 
system. This interruption is achieved by stimulation of Merkel cells that relay nervous signals to 
A-beta fibres. 
2.8.3 Core activation taping design  
Upper cross syndrome is a common presentation of poor posture as a result of repetitive bad 
habits in daily life. These problems are addressed at the sites of symptoms (rounded shoulders- 
one would treat the upper half of the body) however the core (a collection of muscles that work 
together) is responsible for the way that our bodies move and balance (Handzel, 2003).  
The core is often referred to as the “power house” of the body as it is the body’s centre of gravity 
and from where all movements are initiated. The core is responsible for the development of 
power, maintaining balance and stability as well as being responsible for the improvement of 
coordination during movement. The muscles of the core are responsible for creating motion, 
sustained stability and transmitting forces throughout the body. This description shows a clear 
biomechanical chain link. Regardless of the movement or the activity being completed the 
centre of the body is responsible for the process and outcome (Handzel, 2003).  
The core is of increasing interest among biomechanists, kinesiologists and physiologists as these 
experts are saying that the core plays a significant role not only in athletic movements but also 
in everyday activities and supporting posture (Handzel, 2003).  
The important function of the central core is to stabilize the body and assist in force generation. 
“Core stability” is vital to the efficient biomechanical functioning of the body to maximize force 
generation and minimize joint loads in all activities (Sciascia, Kilber, Press, 2006).  
Core stability is defined as the ability to control the precise position and movement of the trunk 
over the pelvis. This level of control allows for optimum production, transference and control of 
force and movement of the body (Sciascia et al, 2006). 
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The core strapping is postulated to effect the muscles underlying the tape by increasing blood 
flow to the area that affects the physiological function of the muscle and fascia causing increased 
muscular activity. The superficial skin stimulation also causes activity at the cutaneous 
mechanoreceptors altering nervous input to the surrounding tissues (Yoshida and Kahanov, 
2007). 
 
2.8.4 How to apply Kinesioä taping of the core  
Muscle activation via proprioception has been done and studied in numerous trials ranging from 
stretching, foam rolling and interferential current (IFC) application to proprioceptive 
neuromuscular facilitation (PNF), vibration and Kinesioä taping. The principle of proprioception 
is the body’s innate ability to sense stimuli arising from the body regarding position, motion and 
equilibrium (Osternig, Roberston, Troxel, Hansen, 1987). 
The application of Kinesioä tape on the skin allows for stimuli to be sent from afferent receptors 
in the skin to mechanoreceptors of the nerve that then initiate altered control of muscles in the 
surrounding area, therefore resulting in altered stimulation to surrounding tissues and having 
an overall effect on muscles in the same biomechanical chain (Chen, Hong, Huang, Hsu, 2007). 
Due to the proprioceptive nature of Kinesioä taping and role of the central abdominal core 
muscles in the maintenance and control over posture, taping for core activation can be achieved 
by placing tape over the abdominal muscles without stretch. The patient will arch their back to 
create natural stretch of the skin and tape will be applied in that manner. The positioning of the 
participant and the application of anterior tape will assist in achieving a more neutral pelvic tilt 
(Helwig, 2019). 
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Chapter Three- Methodology  
3.1 Introduction 
This chapter discusses the method in which the research study was conducted. It outlines the 
treatment protocols for the three different groups, as well as the different measurement 
techniques used during the study. 
3.2 Study design  
The study was a comparative study utilizing the purposeful sampling and random group 
allocation.  
3.3 Participant recruitment 
Participants were recruited by posters (Appendix A) which were placed on noticeboards around 
the University of Johannesburg Doornfontein campus and the Chiropractic Day Clinic. 
Permission was requested from Professor Fourie to allow for students to be included in the study 
once the Ethics Committee had approved this study (Appendix F). Participants were also 
recruited by word of mouth. The researcher explained the study verbally and with the aid of an 
information form (Appendix B) and consent form (Appendix C). 
3.4 Sample selection and size 
The sample size consisted of 30 participants all presenting with upper cross syndrome between 
the ages of 18 and 60 years old. These 30 participants were divided into three groups of 10 
participants each. Group one received Chiropractic manipulations to the cervical and thoracic 
spine. Group two received Kinesioä taping of the abdominal core muscles and group three 
received a combined treatment of manipulations and Kinesioä abdominal core muscles taping.  
3.5 Inclusion criteria 
• Male or female patients between the ages of 18 and 60 years of age 
o Younger than 18 years old participants wouldn’t yet be demonstrating posture changes that 
are more chronic 
o Older than 60 years participants may have additional degenerative diseases at present 
altering the structural configuration of their upper back and neck 
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• Presenting with neck pain caused by cervical facet syndrome as diagnosed by using the 
following diagnostic criteria and clinical findings (Wyatt, 2004): 
o Dull achy neck pain or discomfort in posterior neck 
o Pain may refer to shoulders, arms or back 
o Limited cervical range of motion 
o Neck pain aggravated by neck extension and rotation 
o Tenderness to palpation over paraspinal muscles and cervical facet joints 
o Negative nerve root tension tests 
o No neurological abnormalities 
o Positive orthopaedic tests that are aimed at challenging the facet joints (Cervical 
Compression Test, Compression and Rotation Test, Jacksons Test and local Kemps test) 
• Presenting with signs of upper cross syndrome as diagnosed by using the following 
diagnostic criteria and clinical findings (O’Leary, Falla, Jull, Vicenzino, 2007): 
o Anterior head carriage (determined by the Standing Wall Test, with a positive of 6cm or 
more) 
o Increased thoracic kyphosis  
o Elevated and protracted shoulders 
o Abduction of the scapula (resulting in winging)  
o Positive Jull’s test (early muscle fatigue or jutting of the chin when asked to lie supine and 
hold head off the table with the chin tucked into the chest indicating weak cervical neck 
flexors)   
• Motion palpation and restrictions found in the neck and upper thoracic spine 
 
3.6 Exclusion criteria 
Patients contra-indicated to manipulation of the cervical and thoracic spine (Appendix D) and/or 
known allergies to the taping material being used. 
 
Pregnant or obese patients were excluded due to their  increased abdominal mass which causes 
structural change (stretching) of the abdominal musculature. 
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No other forms of treatments for the cervical, thoracic or lumbar spine may take place in the 
same period, as these treatments could interfere with the results of this study. This includes 
massage, chiropractic, physiotherapy and the use of medication such as analgesics, muscle 
relaxants and non-steroidal anti-inflammatory drugs. 
 
3.7 Group allocation 
Participants that were willing to partake in this study and that meet the inclusion and exclusion 
criteria would be randomly allocated into one of the three groups. Group one to group three 
were allocated to the patients by randomly drawing either a 1, 2 or 3 from a box.  
 
3.8 Treatment approach  
The first consultation included the following: 
• It was explained to the participant how the research was to be performed and what would 
be required from them for the duration of the study  
• The participants were required to read the information form (Appendix B) and sign the 
consent form (Appendix C) if they choose to participate.  
• A comprehensive case history (Appendix J) and physical exam (Appendix K) would be 
completed.  
• The participants then complete the subjective data forms Northwick Park Neck Pain 
Questionnaire (Appendix G) and the pain visual analogue scale and the numerical pain rating 
scale (Appendix H) and then the objective data plumb line readings and cervical spine range 
of motion (Appendix I) would be recorded. 
•  A cervical spine regional was completed and this includes motion palpation for restricted 
cervical and thoracic spine segments (Appendix L).  
• All of this mentioned information was collected and captured on the personal evaluation 
form/SOAP note (Appendix M). 
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Group One: 
• Participants received treatment twice a week for three weeks for a total of six treatments  
• Each of the treatments consisted of spinal manipulative therapy to the restricted segments 
in the cervical and thoracic spine 
• The subjective and objective data was recorded on the first, fourth and seventh 
consultations 
• On the seventh consultation the participants did not receive treatment as only subjective 
and objective data was captured  
Group Two: 
• Participants received treatment twice a week for three weeks for a total of six treatments  
• Each of the treatments consisted of abdominal core taping to the abdomen 
• The subjective and objective data was recorded on the first, fourth and seventh 
consultations 
• On the seventh consultation the participants did not receive treatment as only subjective 
and objective data was captured  
Group Three: 
• Participants received treatment twice a week for three weeks for a total of six treatments  
• Each of the treatments consisted of a combination of spinal manipulative therapy to the 
restricted segments in the cervical and thoracic spine and core taping to the abdomen.  
• The subjective and objective data was recorded on the first, fourth and seventh 
consultations 
• On the seventh consultation the participants did not receive treatment as only subjective 
and objective data was captured  
 Figure 3.1 below is a flow diagram that summarizes the treatment plan for each participant  
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Figure 3.1: Flow diagram summarizing the treatment plan for each participant 
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3.9  Measurements 
a) Subjective data  
Northwick Park Neck Pain Questionnaire (Appendix G) 
The Northwick Park Neck Pain Questionnaire (NPQ) is used to measure neck pain and patient 
disabilities associated with dysfunction occurring in the neck and how it affects daily activities. 
It is a simple questionnaire that allows researchers to score and monitor symptoms in patients 
that suffer from acute or chronic neck pain. It is divided into nine sections, with each section 
having five parts. It covers neck pain intensity, neck pain whilst sleeping, pins and needles or 
numbness in the arms at night, duration of symptoms, carrying objects, reading and watching 
television, work and housework, social activities and driving. In the version of the questionnaire 
used for this study a 10th question has been added asking if the participant has felt any better 
or worse for the treatment (Leak, Cooper, Dyer, Williams,Turner-Stokes, Frank, 1994). 
NPQ is good for short term repeatability, maintains a high internal consistency and is sensitive 
to change. It has been created in such a way that it provides minimal clinically important 
differences (of varying pain intensity) to demonstrate improvement (Leak et al, 1994). 
The participants were required to complete the questionaire. Each of the 10 questions has a 
possible five answers that are scored from 0-4. The first option in a question is 0 (representing 
no pain) and the last option is 4 (representing worse pain). Only one option can be chosen for 
each question. 
The final neck pain score is a total sum of the ten questions. In the first session when the 
questionaire was intially answered the 10th question was not applicable and therefore not 
answered. If a participant did not drive then question nine through out the study was not 
applicable. The maximum total possible score is 40 (assuming all ten questions were answered) 
and the total minimum possible score is 0. 
If all ten questions are answered the Northwick Park Questionaire percentage is worked out as 
following: 
NPQ percentage= ((total neck pain score)/40) x 100% 
If only nine  questions were answered the Northwick Park Questionaire percentage is worked 
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out as following: 
NPQ percentage= ((total neck pain score/36) x 100% 
If only eight questions were answered the Northwick Park Questionaire percentage is worked 
out as following: 
NPQ percentage= ((total neck pain score/32) x 100% 
The percentages could range from 0%-100%. The higher the percentage the greater the 
disability and pain the participant felt (Leak et al, 1994). 
Pain visual analogue scale and the numerical pain rating scale (Appendix H) 
Participants were asked to grade their pain on a set of three scales. One is a pain scale 
horizontally, the next vertically and finally as a numerical number scale. “0” indicates no pain 
and “10” indicates the worst pain imaginable (Gould, 2001).  
The pain visual analogue scale and numerical pain rating scale is considered a valid and reliable 
measurement tool to record and compare pain. It is easily understood and the participant are 
able to grade their own pain through their own interruption (Gould, 2001). 
Pain intensity is measured on the following scale: 
0: No pain 
1-4: Mild pain  
5-6: Moderate pain 
7-10: Severe pain  
b) Objective data  
Cervical Range of Motion Device 
The participant’s cervical range of motion was tested with the use of a cervical range of motion 
(CROM) device. The CROM device has two pendulum goniometers which measure the cervical 
range of motion the sagittal and frontal planes (flexion, extension, lateral flexion) and a single 
magnetic goniometer which assess rotation. CROM is a useful and beneficial tool as all the 
readings in the different planes can be conducted in the seated position. It has been tried and 
tested and been found to produce reliable results (Fletcher and Bandy, 2008). 
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The participant was seated in a chair with a solid back for the cervical range of motion 
measurements. They were asked to sit straight and legs uncrossed and flat on the floor. A 
magnetic yoke was placed over their shoulders and hung down over their chest and back. The 
participant was then requested to do cervical motions as instructed by the researcher slowly 
and one at a time. Each movement started from neutral (all goniometers at 0⁰). The sequence 
was as follows: flexion, extension, right lateral flexion, left lateral flexion, right rotation, left 
rotation. The measurements were recorded after each movement (Appendix I).  
The average cervical ranges of motions are (Levangie and Norkin, 2005): 
Flexion: 45⁰-90⁰ 
Extension: 55⁰-90⁰ 
Lateral flexion: 70⁰-90⁰ 
Rotation: 20⁰-45⁰ 
A change of 5⁰ - 10⁰ is needed to be confident that a real change in spinal mobility has occurred 
(Fletcher and Bandy, 2008). 
Plumb Line Readings  
Anterior head carriage and rounded shoulder posture can be assessed in observation with a 
plumb line. The plumb line refers to a vertical line suspended from the ceiling and is used to 
objectively observe and measure postural abnormalities. A normal plumb line in lateral view 
would show the ear lobe, acromion tip and illiac crest all in alignment (Vizniak, 2015).  
Any deviation from the plumb line can be measured in centimeters and recorded. This is a 
technique commonly used and proven as a reliable tool for postural analysis (Hickey, Rondeau, 
Corrente, Abysahl, Seymore, 2013). 
During the plumb line readings the participants were asked to stand against the wall with their 
right arms in line with the hanging plumb line. The distance from the right ear lobe, right 
acromion process and right iliac crest were measured. The participant was then asked to change 
sides of the plumb line so that the left side measurements could be taken (Vizniak, 2015). The 
measurements were recorded from each level (Appendix I).  
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3.10  Treatment protocols 
Spinal manipulative therapy  
Diversified chiropractic spinal manipulative therapy is a form of segment specific spinal manual 
therapy that is high velocity, low amplitude thrust techniques and segmental mobilisations 
(Bergmann and Peterson, 2011).  
The participants in group one and three received spinal manipulative therapy to spinal 
segments that were found to be restricted during motion palpation. The techniques applied 
were Diversified Chiropractic model techniques (Appendix N) 
• Posterior superior occiput 
• Lateral occiput 
• Cervical break one: rotary restrictions 
• Cervical break two: lateral flexion restrictions 
• Cervical rotary thumb 
• Anterior thoracic 
• Phalangeo-metacarpal 
Kinesiology Tape  
Kinesiology tape is designed to affect the body’s pain processing systems and position via altered 
proprioception input created by the glue on the underside of the tape that makes contact with 
the skin. This design innovation causes increased stimulation to the cutaneous 
mechanoreceptors, altering stimuli that is transmitted to the afferent receptors in the skin an 
on to the nerve that controls the muscles in the surrounding area (Murray and Husk, 2010). This 
results in an overall effect in the muscles that are located in same biomechanical chain (Kenzo 
et al, 2003). 
The tape is designed to be flexible enough to not restrict movements, yet strong enough to 
support and stabilise the muscles and joints (Kenzo et al, 2003).  
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The application of tape over a period of short periods of time assists with the modulation of pain 
related to myofascial dysfunction, as well as affects the stimulation of mechanoreceptors 
altering movement and muscular function of the taped areas (Murray and Husk, 2010).  
According to Kinesioä Taping Association International (2011), the tape is a modality that has 
continued therapeutic benefits that assist in increasing the functioning of different tissues as 
well as assist the body to return to normal function.  
There was a possible risk of the participants that were taped in group two and three having 
allergic reactions to the kinesiology tape. To avoid this occurring a test strip of tape was applied 
to the participants skin and left for a few minutes to rule out a possible allergic reaction 
occurring. If after a few minutes there was no reaction the kinesiology tape was applied to the 
abdomen for abdominal core taping. This was done in the form of two longitudinal strips of 
Kinesioä taping on either side of the navel. The taping strips were of identical length and width 
and placed at similar interval distance from the navel. If a reaction occurred during the test 
period the tape was removed immediately and the participant was then placed in group one. If 
there was a reaction that occurred after their treatment session the participants were instructed 
to remove it immediately, to contact the researcher as soon as possible and depending on the 
degree of the reaction use a calming lotion (such as aloe vera) to ease the skin irritation or to 
contact their general health practitioner. Any allergic response to the Kinesioä tape would have 
seen the participant being automatically placed in group one or excluded from the trial. 
Step one 
• Before applying the tape to the participants abdomen inspect the area, ensuring it was clean 
and dry 
• With the participant standing, arms above their head and lower back slightly extended 
measure the length of the tape required 
• The participant may return to a comfortable standing position while the tape was cut into 
two identical lengths and the corners are rounded 
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Figure 3.2: Step One Taping Application (RockTape Functional Movement Instructors Guide, 
2018) 
Step two 
• The tape backing paper was torn on each strip at approximately two centimetres from the 
ends. This will be referred to as the anchor 
• The participant was asked to again to cross their arms above their head and extend their 
lower back slightly and hold this position 
• The  tape paper was then removed from the ends and the anchor is laid onto the participants 
lower abdomen approximately at the level of the anterior inferior iliac spine with zero 
stretch and just wide of the naval 
• The rest of the paper is peeled off and removed as the tape is laid onto the participant’s skin 
moving inferiorly to superiorly. Zero stretched is applied. 
• Repeat the last two steps for the remaining piece of tape on the opposite side of the 
abdomen 
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Figure 3.3: Step Two Taping Application (RockTape Functional Movement Instructors Guide, 
2018) 
Step three 
• The tape was  gently rubbed to activate the glue and to enhance the stick on the participants 
skin 
The participants were required to keep the Kinesioä tape on as long as possible. The tape has 
been designed to support all kinds of daily activities and exercise. It usually lasted between three 
to five days (Kinesio Taping Association International, 2011). As soon as the edges of the tape 
started to lift it could be removed as it was replaced at every treatment session. 
3.11 Ethical considerations 
All participants that wished to partake in this particular study would have the information letter 
(Appendix B) and consent form (Appendix C) explained to them, if they were happy to 
participate they will be requested to read and sign the information letter (Appendix B) and 
consent form (Appendix C) specific to this study.  
The information and consent forms will outline the names of the researcher, purpose of the 
study and benefits of partaking in the study, participant assessment and treatment procedure; 
any risks, benefits and discomforts pertaining to the treatments involved will also be explained 
and that the participants safety will be ensured (prevention of harm). The information and 
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consent forms will also explain that the participant’s privacy will be protected by ensuring their 
anonymity and confidentiality when compiling the research dissertation. The participant’s 
privacy will be protected as only the researcher, patient and clinician will be in the treatment 
room. The participant’s information will be converted into data and therefore unable to be 
traced back to the participant.  
The patient files will be stored in the strong room on the ground floor of the University of 
Johannesburg Chiropractic Day Clinic. The participants will be informed that their participation 
is on a voluntary basis and that they are free to withdraw from the study at any stage. Should 
the participant have any further questions, these will be answered by the researcher; contact 
details will be made available.  
The participants will then be required to sign the information and consent forms, signifying that 
they understand all that is required of them for this particular study. Results of the study will be 
made available on request.  Participants who presented with any of the exclusion criteria were 
unfortunately not able to participate in the study and would have been referred to the necessary 
medical profession should the situation have called for it. If it had been determined during any 
of the consultations that further treatment would have been harmful to any of the participants 
all actions would have be halted immediately. 
With regards to this specific study the following risks and discomforts include possible post 
treatment tenderness and stiffness due to the cervical and thoracic manipulations. This is a 
normal response to spinal manipulative therapy it is typically temporary. There was a possible 
risk that the participant may have an allergic reaction to the tape however a test strip was 
applied first to avoid an allergic reaction occurring. Should the participant have reacted to the 
test strip they would have either been included in group one rather or excluded from the trial.  
This study was approved by the University of Johannesburg’s Higher Degrees (Appendix E) and 
Research Ethics Committees (Appendix F). This study was submitted to anti-plagiarism software, 
Turnitin, and was found to have an 18% similarity (Appendix O). 
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Chapter 4- Results 
4.1 Introduction 
This chapter presents the statistical results of the clinical trials conducted according to this 
study. This study was a comparative study that consisted of three groups of ten participants in 
each group. Each of the total thirty participants were examined and chosen to participate 
according to the inclusion and exclusion criteria specifically stipulated to this study. The method 
of treatment was determined by random group allocation. Group one received spinal 
manipulative therapy to the cervical and upper thoracic spine alone. Group two received the 
application of core activation strapping to the abdomen alone. Group three was a combination 
of spinal manipulative therapy to the cervical and upper thoracic spine as well as core activation 
strapping to the abdomen. Each group was treated twice a week for three weeks. There was a 
seventh consultation that followed at the end of the trial to gather final objective and subjective 
measurements. Both the subjective and objective data was analysed by statisticians located at 
University of Johannesburg Kingways Campus at STATKON.  
In this study the Shapiro Wilk test was used to check the normality of the variables. Due to the 
sample size of the study being of a small number of participants it was necessary to use non-
parametric tests to analyse the collected data. The Friedman test was done to measure possible 
statistical changes over time.  If there were statistically significant changes detected then 
Wilcoxon signed-ranked tests were done in order to determine when specifically the changes 
occurred during the trial period. The Kruskal-Wallis test was done to measure the possible 
statistically significant differences between the three groups for all the measurements taken.  
The p-value for the Friedman and Kruskal-Wallis tests were set at 0.05 and represented the 
significance of the reported results. A p-value of ≤0.05 indicated a statistical significance for 
these two tests. If it was found there was a statistical significance between these two tests then 
the Bonferroni adjustment was applied to the p-value for the Wilcoxon sign-ranks tests. This 
adjustment involved dividing the p-value of 0.05 by the number of tests that were used and 
using the revised number as the new p-value that was used to determine statistical significance. 
This therefore leads to 0.025 being the new value used to determine statistical significance for 
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the Wilcoxon signed-ranks. Therefore a value of ≤0.025 indicated statistical significance for the 
lowest value and ≤0.05 for the highest value.  
The data analysis included:  
• Demographic data (age and gender) 
• Objective data (plumb line and cervical spine range of motion) 
• Subjective data (pain visual analogue scale and the numerical pain rating scale and 
Northwick Park Pain Questionnaire) 
4.2 Demographic data analysis 
Table 4.1: Demographic data 
Data Group one Group two Group three 
Age 23-26 23-33 23-26 
Gender 7 females  
3 males 
9 females  
1 male 
7 females 
3 males  
 
The participants recruited to be a part of this clinical trial were between the ages of 18 and 60, 
according to the inclusion and exclusion criteria for this particular study. The combined sample 
group consisted of 23 females and 7 male participants.  
As seen in table 4.1 the participants in group one were between the ages 23 to 26. This group 
had a narrow age difference which was as a result of the random group allocation. Group one 
consisted of 7 female and 3 male participants. The participants in group two were between the 
ages 23 to 33. This group had a narrow age difference which was as a result of the random group 
allocation. Group two consisted of 9 female and 1 male participants. The participants in group 
three were between the ages 23 to 26. This group had a narrow age difference which was as a 
result of the random group allocation. Group three consisted of 7 female and 3 male 
participants.   
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4.3 Objective data analysis 
The objective data collected in this study was done  by the means of cervical spine range of 
motion device (CROM) that measured cervical spine flexion, extension, lateral flexion and 
rotation as well as plumb lines that measured right and left readings for earlobe level, acromion 
level and iliac crest level.  
4.3.1 Cervical spine flexion  
 
 
 
 
 
 
 
 
 
Figure: 4.1 Bar graph comparing mean cervical spine flexion values 
Figure 4.1 shows a bar graph comparing the mean values for the cervical spine flexion 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean cervical spine flexion value for group one was 
67.8⁰ at the first consultation, 70.5⁰ at the fourth consultation and 71.8⁰ at the seventh 
consultation. Group one therefore shows a 4⁰ improvement in cervical spine flexion, a 5.89% 
increase in flexion when comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine flexion value for group two was 
60.6⁰ at the first consultation, 62.3⁰ at the fourth consultation and 65.1⁰ at the seventh 
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consultation. Group two therefore shows a 4.5⁰ improvement in cervical spine flexion, a 7.42% 
increase in flexion when comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine flexion value for group three 
was 65.9⁰ at the first consultation, 67.9⁰ at the fourth consultation and 69.7⁰ at the seventh 
consultation. Group three therefore shows a 3.8⁰ improvement in cervical spine flexion, a 5.76% 
increase in flexion when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time in group one with a 
p-value of 0.14 (p>0.05), and group three with a p-value of 0.05 (p>0.05), however there was a 
statistically significant difference over time with group two with a p-value of 0.00 (p≤0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of p≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
Group two showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.22 (p>0.025). There was no statistically significant differences between the first 
and seventh visits with a p-value of 0.04 (p>0.025).  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.24 (p>0.05), fourth visit with 0.13 (p>0.05) and seventh visit with a p-value 
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of 0.24 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
4.3.2 Cervical spine extension  
Figure: 4.2 Bar graph comparing mean cervical spine extension values 
Figure 4.2 shows a bar graph comparing the mean values for the cervical spine extension 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean cervical spine extension value for group one 
was 66.8⁰ at the first consultation, 67.6⁰ at the fourth consultation and 69⁰ at the seventh 
consultation. Group one therefore shows a 2.2⁰ improvement in cervical spine extension, a 
3.29% increase in extension when comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine extension value for group two 
was 71.2⁰ at the first consultation, 68.5⁰ at the fourth consultation and 67.7⁰ at the seventh 
consultation. Group two therefore shows a 3.5⁰ decrease in cervical spine extension, a 4.91% 
decrease in extension when comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine extension value for group three 
was 63.5⁰ at the first consultation, 65.4⁰ at the fourth consultation and 66.3⁰ at the seventh 
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consultation. Group three therefore shows a 3.3⁰ improvement in cervical spine extension, a 
4.41% increase in flexion when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time at any of the visits in 
group one with a p-value of 0.67 (p>0.05), group two with a p-value of 0.8 (p>0.05) and group 
three with a p-value of 0.96 (p>0.05).  
Due to the lack of statistically significant difference found in the Friedman test therefore was 
not necessary to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there 
was no significance with the Friedman test, there was no statistical significance in the Wilcoxon 
signed-ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.38 (p>0.05), fourth visit with 0.46 (p>0.05) and seventh visit with a p-value 
of 0.58 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
54 
 
4.3.3 Cervical spine right lateral flexion 
Figure: 4.3 Bar graph comparing mean cervical spine right lateral flexion values 
Figure 4.3 shows a bar graph comparing the mean values for the cervical spine right lateral 
flexion measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean cervical spine right lateral flexion value for 
group one was 48.8⁰ at the first consultation, 52.2⁰ at the fourth consultation and 52.3⁰ at the 
seventh consultation. Group one therefore shows a 3.5⁰ improvement in cervical spine right 
lateral flexion, a 7.17% increase in right lateral flexion when comparing the first and seventh 
consultation measurements. 
From the bar graph above it is seen that the mean cervical spine right lateral flexion value for 
group two was 46.3⁰ at the first consultation, 47⁰ at the fourth consultation and 47.9⁰ at the 
seventh consultation. Group two therefore shows a 1.6⁰ improvement in cervical spine right 
lateral flexion, a 3.46% increase in right lateral flexion when comparing the first and seventh 
consultation measurements. 
From the bar graph above it is seen that the mean cervical spine right lateral flexion value for 
group three was 42.7⁰ at the first consultation, 47.3⁰ at the fourth consultation and 47.5⁰ at the 
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seventh consultation. Group three therefore shows a 4.8⁰ improvement in cervical spine right 
lateral flexion, an 11.24% increase in right lateral flexion when comparing the first and seventh 
consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group two with 
a p-value of 0.49 (p>0.05), however there was a statistically significant difference over time in 
group one with a p-value of 0.03 (p≤0.05) and group three with a p-value of 0.00 (p≤0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of ≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
Group one showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.03 (p>0.025). There was no statistically significant differences between the first 
and seventh visits with a p-value of 0.03 (p>0.025).  
Group three showed statistically significant difference between the first and fourth visits with a 
p-value of 0.00 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.34 (p>0.05), fourth visit with 0.47 (p>0.05) and seventh visit with a p-value 
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of 0.53 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
4.3.4 Cervical spine left lateral flexion 
Figure: 4.4 Bar graph comparing mean cervical spine left lateral flexion values 
Figure 4.4 shows a bar graph comparing the mean values for the cervical spine left lateral flexion 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean cervical spine left lateral flexion value for 
group one was 56.1⁰ at the first consultation, 53.9⁰ at the fourth consultation and 54.5⁰ at the 
seventh consultation. Group one therefore shows a 1.6⁰ decrease in cervical spine left lateral 
flexion, a 2.85% decrease in left lateral flexion when comparing the first and seventh 
consultation measurements. 
From the bar graph above it is seen that the mean cervical spine left lateral flexion value for 
group two was 50.5⁰ at the first consultation, 50.7⁰ at the fourth consultation and 51.6⁰ at the 
seventh consultation. Group two therefore shows a 1.1⁰ improvement in cervical spine left 
lateral flexion, a 2.17% increase in left lateral flexion when comparing the first and seventh 
consultation measurements. 
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From the bar graph above it is seen that the mean cervical spine left lateral flexion value for 
group three was 46.4⁰ at the first consultation, 50.3⁰ at the fourth consultation and 50.2⁰ at the 
seventh consultation. Group three therefore shows a 3.8⁰ improvement in cervical spine left 
lateral flexion, an 8.19% increase in left lateral flexion when comparing the first and seventh 
consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.97 (p>0.05), group two with a p-value of 0.53 (p>0.05) and group three with a p-
value of 0.43 (p>0.05).  
Due to the lack statistically significant difference found in the Friedman test it was not necessary 
to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there was no 
significance with the Friedman test, there was no statistical significance in the Wilcoxon signed-
ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.8 (p>0.05), fourth visit with 0.47 (p>0.05) and seventh visit with a p-value of 
0.51 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.5 Cervical spine right rotation flexion 
Figure: 4.5 Bar graph comparing mean cervical spine right rotation flexion values 
Figure 4.5 shows a bar graph comparing the mean values for the cervical spine right rotation 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean cervical spine right rotation value for group 
one was 72.4⁰ at the first consultation, 74.7⁰ at the fourth consultation and 73.9⁰ at the seventh 
consultation. Group one therefore shows a 1.5⁰ improvement in cervical spine right rotation, a 
2.07% increase in right rotation when comparing the first and seventh consultation 
measurements. 
From the bar graph above it is seen that the mean cervical spine right rotation value for group 
two was 69.9⁰ at the first consultation, 72.4⁰ at the fourth consultation and 71.6⁰ at the seventh 
consultation. Group two therefore shows a 1.7⁰ improvement in cervical spine right rotation, a 
2.43% increase in right rotation when comparing the first and seventh consultation 
measurements. 
From the bar graph above it is seen that the mean cervical spine right rotation value for group 
three was 69.5⁰ at the first consultation, 71.3⁰ at the fourth consultation and 70.1⁰ at the 
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seventh consultation. Group three therefore shows a 0.6⁰ improvement in cervical spine right 
rotation, a 0.86% increase in right rotation when comparing the first and seventh consultation 
measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.14 (p>0.05), group two with a p-value of 0.8 (p>0.05) and group three with a p-
value of 0.76 (p>0.05).  
Due to the lack of statistically significant differences found in the Friedman test it was therefore 
not necessary to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there 
was no significance with the Friedman test, there was no statistical significance in the Wilcoxon 
signed-ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.74 (p>0.05), fourth visit with 0.659 (p>0.05) and seventh visit with a p-value 
of 0.78 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.6 Cervical spine left rotation flexion 
Figure: 4.6 Bar graph comparing mean cervical spine left rotation flexion values 
Figure 4.6 shows a bar graph comparing the mean values for the cervical spine left rotation 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean cervical spine left rotation value for group 
one was 70.3⁰ at the first consultation, 71.9⁰ at the fourth consultation and 71.6⁰ at the seventh 
consultation. Group one therefore shows a 1.3⁰ improvement in cervical spine left rotation, a 
1.85% increase in left rotation when comparing the first and seventh consultation 
measurements. 
From the bar graph above it is seen that the mean cervical spine left rotation value for group 
two was 66.5⁰ at the first consultation, 69.2⁰ at the fourth consultation and 69.4⁰ at the seventh 
consultation. Group two therefore shows a 2.9⁰ improvement in cervical spine left rotation, a 
4.36% increase in left rotation when comparing the first and seventh consultation 
measurements. 
From the bar graph above it is seen that the mean cervical spine left rotation value for group 
three was 66.5⁰ at the first consultation, 68.1⁰ at the fourth consultation and 70⁰ at the seventh 
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consultation. Group three therefore shows a 3.5⁰ improvement in cervical spine left rotation, a 
5.26% increase in left rotation when comparing the first and seventh consultation 
measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.67 (p>0.05), group two with a p-value of 0.63 (p>0.05) and group three with a p-
value of 0.06 (p>0.05).  
Due to the lack of statistically significant difference found in the Friedman test it was therefore 
not necessary to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there 
was no significance with the Friedman test, there was no statistical significance in the Wilcoxon 
signed-ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.58 (p>0.05), fourth visit with 0.41 (p>0.05) and seventh visit with a p-value 
of 0.88 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.7 Plumb line right earlobe 
Figure: 4.7 Bar graph comparing mean plumb line right earlobe values 
Figure 4.7 shows a bar graph comparing the mean values for the plumb line right earlobe 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean plumb line right earlobe value for group one 
was 15.14cm at the first consultation, 16cm at the fourth consultation and 15.78cm at the 
seventh consultation. Group one therefore shows a 0.64cm improvement in plumb line right 
earlobe value, a 4.22% percentage increase in plumb line right earlobe measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean plumb line right earlobe value for group two 
was 16.21cm at the first consultation, 16.42cm at the fourth consultation and 16.26cm at the 
seventh consultation. Group two therefore shows a 0.05cm improvement in plumb line right 
earlobe value, a 0.31% percentage increase in plumb line right earlobe measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine plumb line right earlobe value 
for group three was 16.43cm at the first consultation, 16.6cm at the fourth consultation and 
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16.82cm at the seventh consultation. Group three therefore shows a 0.39cm improvement in 
plumb line right earlobe value, a 2.37% percentage increase in plumb line right earlobe 
measurement when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.21 (p>0.05), group two with a p-value of 0.29 (p>0.05) and group three with a p-
value of 1 (p>0.05).  
Due to the lack of statistically significant differences found in the Friedman test it was therefore 
not necessary to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there 
was no significance with the Friedman test, there was no statistical significance in the Wilcoxon 
signed-ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.66 (p>0.05), fourth visit with 0.94 (p>0.05) and seventh visit with a p-value 
of 0.84 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.8 Plumb line left earlobe 
Figure: 4.8 Bar graph comparing mean plumb line left earlobe values 
Figure 4.8 shows a bar graph comparing the mean values for the plumb line left earlobe 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean plumb line left earlobe value for group one 
was 15.35cm at the first consultation, 16.62cm at the fourth consultation and 16.29cm at the 
seventh consultation. Group one therefore shows a 0.94cm improvement in plumb line left 
earlobe value, a 6.12% percentage increase in plumb line left earlobe measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean plumb line left earlobe value for group two 
was 15.48cm at the first consultation, 16.33cm at the fourth consultation and 16.19cm at the 
seventh consultation. Group two therefore shows a 0.71cm improvement in plumb line left 
earlobe value, a 4.59% percentage increase in plumb line left earlobe measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine plumb line left earlobe value 
for group three was 15.5cm at the first consultation, 16.1cm at the fourth consultation and 
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16.33cm at the seventh consultation. Group three therefore shows a 0.83cm improvement in 
plumb line left earlobe value, a 5.35% percentage increase in plumb line left earlobe 
measurement when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.7 (p>0.05), group two with a p-value of 0.38 (p>0.05), however there was a 
statistically significant difference over time in group three with a p-value of 0.00 (p≤0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of ≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
Group three showed statistically significant difference between the first and fourth visits with a 
p-value of 0.02 (p>0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.01 (p>0.025). 
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.83 (p>0.05), fourth visit with 0.87 (p>0.05) and seventh visit with a p-value 
of 0.96 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.9 Plumb line right acromion 
Figure: 4.9 Bar graph comparing mean plumb line right acromion values 
Figure 4.9 shows a bar graph comparing the mean values for the plumb line right acromion 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean plumb line right acromion value for group 
one was 7.36cm at the first consultation, 8.71cm at the fourth consultation and 9.17cm at the 
seventh consultation. Group one therefore shows a 1.81cm improvement in plumb line right 
acromion value, a 23.64% percentage increase in plumb line right acromion measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean plumb line right acromion value for group 
two was 7.05cm at the first consultation, 7.52cm at the fourth consultation and 7.25cm at the 
seventh consultation. Group two therefore shows a 0.2cm improvement in plumb line right 
acromion value, a 2.84% percentage increase in plumb line right acromion measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine plumb line right acromion value 
for group three was 6.71cm at the first consultation, 7.06cm at the fourth consultation and 
7.03cm at the seventh consultation. Group three therefore shows a 0.32cm improvement in 
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plumb line right acromion value, a 4.77% percentage increase in plumb line right acromion 
measurement when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed there was statistically significant difference over time as in group 
one with a p-value of 0.00 (p<0.05), group two with a p-value of 0.02 (p<0.05), however there 
was no statistically significant difference over time in group three with a p-value of 0.21 
(p>0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of ≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
Group one showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.05 (p>0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p<0.025).  
Group two showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.04 (p>0.025). There was no statistically significant differences between the first 
and seventh visits with a p-value of 0.12 (p>0.025).  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.81 (p>0.05), fourth visit with 0.3 (p>0.05) and seventh visit with a p-value of 
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0.12 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
4.3.10 Plumb line left acromion 
Figure: 4.10 Bar graph comparing mean plumb line left acromion values 
Figure 4.10 shows a bar graph comparing the mean values for the plumb line left acromion 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean plumb line left acromion value for group one 
was 7.75cm at the first consultation, 8.97cm at the fourth consultation and 7.11cm at the 
seventh consultation. Group one therefore shows a 0.51cm decrease in plumb line left acromion 
value, a 6.58% percentage decrease in plumb line left acromion measurement when comparing 
the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean plumb line left acromion value for group two 
was 6.89cm at the first consultation, 7.32cm at the fourth consultation and 7.29cm at the 
seventh consultation. Group two therefore shows a 0.4cm improvement in plumb line left 
acromion value, a 5.81% percentage increase in plumb line left acromion measurement when 
comparing the first and seventh consultation measurements. 
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From the bar graph above it is seen that the mean cervical spine plumb line left acromion value 
for group three was 5.95cm at the first consultation, 6.84cm at the fourth consultation and 
6.8cm at the seventh consultation. Group three therefore shows a 0.85cm improvement in 
plumb line left acromion value, a 14.29% percentage increase in plumb line left acromion 
measurement when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.23 (p>0.05), group two with a p-value of 0.96 (p>0.05), however there was a 
statistically significant difference over time in group three with a p-value of 0.00 (p≤0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of p≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
Group three showed statistically significant difference between the first and fourth visits with a 
p-value of 0.00 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.25 (p>0.05), fourth visit with 0.05 (p>0.05) and seventh visit with a p-value 
of 0.05 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.11 Plumb line right iliac crest 
Figure: 4.11 Bar graph comparing mean plumb line right iliac crest values 
Figure 4.11 shows a bar graph comparing the mean values for the plumb line right iliac crest 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean plumb line right iliac crest value for group 
one was 7.88cm at the first consultation, 8.81cm at the fourth consultation and 8.47cm at the 
seventh consultation. Group one therefore shows a 0.59cm improvement in plumb line right 
iliac crest value, a 7.49% percentage increase in plumb line right iliac crest measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean plumb line right iliac crest value for group 
two was 7.54cm at the first consultation, 7.46cm at the fourth consultation and 7.5cm at the 
seventh consultation. Group two therefore shows a 0.04cm decrease in plumb line right iliac 
crest value, a 0.53% percentage decrease in plumb line right iliac crest measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine plumb line right iliac crest value 
for group three was 7.44cm at the first consultation, 7.99cm at the fourth consultation and 
7.7cm at the seventh consultation. Group three therefore shows a 0.26cm improvement in 
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plumb line right iliac crest value, a 3.49% percentage increase in plumb line right iliac crest 
measurement when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.43 (p>0.05), group two with a p-value of 0.15 (p>0.05) and group three with a p-
value of 0.74 (p>0.05).  
Due to the lack statistically significant differences found in the Friedman test it was therefore 
not necessary to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there 
was no significance with the Friedman test, there was no statistical significance in the Wilcoxon 
signed-ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.98 (p>0.05), fourth visit with 0.49 (p>0.05) and seventh visit with a p-value 
of 0.69 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.3.12 Plumb line left iliac crest 
Figure: 4.12 Bar graph comparing mean plumb line left iliac crest values 
Figure 4.12 shows a bar graph comparing the mean values for the plumb line left iliac crest 
measurements taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean plumb line left iliac crest value for group one 
was 7.87cm at the first consultation, 8.79cm at the fourth consultation and 8.33cm at the 
seventh consultation. Group one therefore shows a 0.46cm improvement in plumb line left iliac 
crest value, a 5.84% percentage increase in plumb line left iliac crest measurement when 
comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean plumb line left iliac crest value for group two 
was 7.57cm at the first consultation, 7.67cm at the fourth consultation and 7.39cm at the 
seventh consultation. Group two therefore shows a 0.18cm decrease in plumb line left iliac crest 
value, a 2.38% percentage decrease in plumb line left iliac crest measurement when comparing 
the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean cervical spine plumb line left iliac crest value 
for group three was 7.15cm at the first consultation, 7.83cm at the fourth consultation and 
6.8cm at the seventh consultation. Group three therefore shows a 0.35cm decrease in plumb 
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line left iliac crest value, a 4.9% percentage decrease in plumb line left iliac crest measurement 
when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed no statistically significant difference over time as in group one with 
a p-value of 0.45 (p>0.05), group two with a p-value of 0.96 (p>0.05) and group three with a p-
value of 0.6 (p>0.05).  
Due to the lack of statistically significant differences found in the Friedman test it was therefore 
not necessary to apply the Bonferroni adjustment for the Wilcoxon signed-rank test as there 
was no significance with the Friedman test, there was no statistical significance in the Wilcoxon 
signed-ranked test for any of the three groups.  
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.99 (p>0.05), fourth visit with 0.61 (p>0.05) and seventh visit with a p-value 
of 0.74 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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4.4. Subjective data 
4.4.1 Pain visual analogue scale and the numerical pain rating scale 
 
 
 
 
 
 
 
 
 
Figure 4.13 Bar graph showing the mean pain visual analogue scale and the numerical pain 
rating scale values 
Figure 4.13 shows a bar graph comparing the mean values for the pain visual analogue scale and 
the numerical pain rating scale taken at the first, fourth and seventh consultations.  
From the bar graph above it is seen that the mean the pain visual analogue scale and the 
numerical pain rating scale value for group one was 5.1 at the first consultation, 3.2 at the fourth 
consultation and 1.3 at the seventh consultation. Group one therefore shows a 3.8 improvement 
in the pain visual analogue scale and the numerical pain rating scale rating, a 25.5% percentage 
decrease in the pain visual analogue scale and the numerical pain rating scale when comparing 
the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean pain visual analogue scale and the numerical 
pain rating scale value for group two was 4.8 at the first consultation, 3.5 at the fourth 
consultation and 1.7 at the seventh consultation. Group two therefore shows a 3.1 improvement 
in the pain visual analogue scale and the numerical pain rating scale rating, a 35.42% percentage 
5,10
3,20
1,30
4,80
3,50
1,70
4,10
2,60
1,10
0,00
1,00
2,00
3,00
4,00
5,00
6,00
Visit 1 Visit 4 Visit 7Pa
in
 vi
su
al
 a
na
lo
gu
e 
sc
al
e 
an
d 
th
e 
nu
m
er
ica
l 
pa
in
 ra
tin
g 
sc
al
e
Consultation number
Group 1 Group 2 Group 3
75 
 
decrease in the pain visual analogue scale and the numerical pain rating when comparing the 
first and seventh consultation measurements. 
From the bar graph above it is seen that the mean pain visual analogue scale and the numerical 
pain rating scale value for group three was 4.1 at the first consultation, 2.6 at the fourth 
consultation and 1.1 at the seventh consultation. Group three therefore shows a 3.0 
improvement in the pain visual analogue scale and the numerical pain rating, a 26.23% 
percentage increase in the pain visual analogue scale and the numerical pain rating when 
comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed there were statistically significant differences over time as in group 
one with a p-value of 0.00 (p≤0.05), group two with a p-value of 0.00 (p≤0.05) and group three 
with a p-value of 0.00 (p≤0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of ≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
Group one showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.13 (p>0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025).  
Group two showed statistically significant difference between the first and fourth visits with a 
p-value of 0.01 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025).  
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Group three showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.13 (p>0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.41 (p>0.05), fourth visit with 0.37 (p>0.05) and seventh visit with a p-value 
of 0.44 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
4.4.2 Northwick Park Pain Questionnaire 
Figure 4.14 Bar graph showing the mean Northwick Park Pain Questionnaire values 
Figure 4.14 shows a bar graph comparing the mean values for the Northwick Park Pain 
Questionnaire taken at the first, fourth and seventh consultations.  
22,50
17,00
5,75
24,17
16,25
7,25
19,44
11,50
3,75
0,00
5,00
10,00
15,00
20,00
25,00
30,00
Visit 1 Visit 4 Visit 7
No
rt
hw
ick
 P
ar
k 
Pa
in
 Q
ue
st
io
nn
ai
re
Consultation number
Group 1 Group 2 Group 3
77 
 
From the bar graph above it is seen that the mean Northwick Park Pain Questionnaire value for 
group one was 22.5 at the first consultation, 17.0 at the fourth consultation and 5.75 at the 
seventh consultation. Group one therefore shows a 16.75 improvement in the Northwick Park 
Pain Questionnaire, a 25.56% percentage decrease in the Northwick Park Pain Questionnaire 
when comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean Northwick Park Pain Questionnaire value for 
group two was 24.17 at the first consultation, 16.25 at the fourth consultation and 7.25 at the 
seventh consultation. Group two therefore shows a 16.92 improvement in the Northwick Park 
Pain Questionnaire, a 30.0% percentage decrease in the Northwick Park Pain Questionnaire 
when comparing the first and seventh consultation measurements. 
From the bar graph above it is seen that the mean Northwick Park Pain Questionnaire value for 
group three was 19.44 at the first consultation, 11.5 at the fourth consultation and 3.75 at the 
seventh consultation. Group three therefore shows a 15.69 improvement in the Northwick Park 
Pain Questionnaire, a 19.29% percentage decrease in the Northwick Park Pain Questionnaire 
when comparing the first and seventh consultation measurements. 
Intragroup analysis 
The intragroup analysis was conducted making use of the Friedman and Wilcoxon signed-rank 
tests. 
The Friedman test revealed there were statistically significant differences over time as in group 
one with a p-value of 0.00 (p≤0.05), group two with a p-value of 0.00 (p≤0.05) and group three 
with a p-value of 0.00 (p≤0.05).  
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore a value of ≤0.025 suggests statistical significance. 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. It 
compares the first and fourth visit and the first and seventh visits.  
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Group one showed statistically significant difference between the first and fourth visits with a 
p-value of 0.00 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025).  
Group two showed statistically significant difference between the first and fourth visits with a 
p-value of 0.01 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025).  
Group three showed statistically significant difference between the first and fourth visits with a 
p-value of 0.02 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
Intergroup analysis 
The intergroup analysis was performed using the Kruskal-Wallis test.  
Kruskal-Wallis is a non-parametric test that allows for one-way between-groups analysis of 
variance. 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.1 (p>0.05), fourth visit with 0.42 (p>0.05) and seventh visit with a p-value of 
0.42 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
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Chapter 5- Discussion 
5.1 Introduction 
This chapter consists of the discussion of the results for this particular study. It will make 
reference to chapter four’s statistical analysis as well as chapter one’s aim of the study. Special 
reference will be made to chapter two’s literature review.  
It is important to consider that the clinical findings discussed in this chapter may be used to 
show changes occurred throughout the duration of this study despite low or no statistical 
significant evidence.  
5.2 Demographic data analysis 
5.2.1 Age 
All the participants who participated in this study were between 18 and 60 years of age. This 
was discussed previously under the inclusion criteria in chapter three. 
As seen in table 4.1 the participants in the group that received only chiropractic manipulations 
to the cervical and thoracic spine were between the ages 23-26, in the group that received core 
abdominal taping only the ages varied from 23-33 and in the group that received cervical and 
thoracic chiropractic manipulations as well as core abdominal taping were between the ages of 
23-26. All the groups had a narrow age difference, this was due to where the advertisement to 
partake in my study was placed (Appendix A). The advertisement was in the University of 
Johannesburg Health clinic reception areas and targeted students at the University of 
Johannesburg of similar ages. The distribution of ages was due to random group allocation.  
5.2.2 Gender 
The combined sample size consisted of 23 female and 7 male participants. As seen in table 4.1 
in the group that received only chiropractic manipulations to the cervical and thoracic spine only 
consisted of seven females and three males, the group that received core abdominal taping only 
consisted of 9 females and 1 male, and the group that received cervical and thoracic chiropractic 
manipulations as well as core abdominal taping consisted on 7 females and 3 males. 
In total 76.67% of the participants were female and 23.33% were male.  
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5.3 Objective data analysis 
5.3.1 Cervical spine range of motion  
Table 5.1: Cervical spine range of motion clinical improvement per group  
Range of 
Motion 
Group one Group two Group three 
Increase 
(degrees) 
% 
increase 
Increase 
(degrees) 
% 
increase 
Increase 
(degrees) 
% 
increase 
Flexion 4 5.89 4.5 7.42 3.8 5.76 
Extension 2.2 3.29 -3.5 -4.91 3.3 4.41 
Right lateral 
flexion 
3.5 7.17 1.6 3.46 4.8 11.24 
Left lateral 
flexion 
-1.6 -2.85 1.1 2.17 3.8 8.19 
Right rotation 1.5 2.07 1.7 2.43 0.6 0.86 
Left rotation 1.3 1.85 2.9 4.36 3.5 5.26 
 
As seen in table 5.1, clinically almost all the cervical spine ranges of motions improved during 
the study of the groups. This being said group one experienced a decrease in left lateral flexion 
at the end of the study as well as group two experiencing a decrease in extension at the end of 
the study. The group that received cervical and thoracic chiropractic manipulations as well as 
core abdominal taping experienced improvement all round, however the improvement is not 
considered clinically significant.  
Cervical spine flexion- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time in group one with a p-value of 0.14 (p>0.05), and group three with a p-value of 0.05 
(p≤0.05), however there was a statistically significant difference over time with group two with 
a p-value of 0.00 (p≤0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one and three it was unnecessary to 
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perform the Wilcoxon signed-rank test as there was no statistical significance in the Friedman 
test.  
The Wilcoxon signed-ranked test showed that for group two there were no statistically 
significant differences between the first and fourth visits with a p-value of 0.22 (p>0.025). There 
was no statistically significant differences between the first and seventh visits with a p-value of 
0.04 (p>0.025).  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.24 (p>0.05), fourth visit with 0.13 (p>0.05) and 
seventh visit with a p-value of 0.24 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Cervical spine extension- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time at any of the visits in group one with a p-value of 0.67 (p>0.05), group two with a p-
value of 0.8 (p>0.05) and group three with a p-value of 0.96 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as there was no statistical significance in any of the three 
groups in the Friedman test.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.38 (p>0.05), fourth visit with 0.46 (p>0.05) and 
seventh visit with a p-value of 0.58 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Cervical spine right lateral flexion- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time in group two with a p-value of 0.49 (p>0.05), however there was a statistically 
significant difference over time in group one with a p-value of 0.03 (p≤0.05) and group three 
with a p-value of 0.00 (p≤0.05). 
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The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in group two it was unnecessary to perform the 
Wilcoxon signed-rank test as there was no statistical significance in the Friedman test for group 
two.  
The Wilcoxon signed-ranked test showed that for group one there were no statistically 
significant differences between the first and fourth visits with a p-value of 0.03 (p>0.025). There 
was no statistically significant differences between the first and seventh visits with a p-value of 
0.03 (>0.025).  
Group three showed statistically significant difference between the first and fourth visits with a 
p-value of 0.00 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.34 (p≤0.05), fourth visit with 0.47 (p>0.05) and seventh visit with a p-value 
of 0.53 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
Cervical spine left lateral flexion- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time in group one with a p-value of 0.97 (p>0.05), group two with a p-value of 0.53 (p>0.05) 
and group three with a p-value of 0.43 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as there was no statistical significance in the Friedman 
test for any of the three groups.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.8 (p>0.05), fourth visit with 0.47 (p>0.05) and 
seventh visit with a p-value of 0.51 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
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Cervical spine right rotation- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time in group one with a p-value of 0.14 (p>0.05), group two with a p-value of 0.8 (p>0.05) 
and group three with a p-value of 0.76 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as there was no statistical significance for any of the 
three groups in the Friedman test.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.74 (p>0.05), fourth visit with 0.65 (p>0.05) and 
seventh visit with a p-value of 0.78 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Cervical spine left rotation- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time in group one with a p-value of 0.67 (p>0.05), group two with a p-value of 0.63 (p>0.05) 
and group three with a p-value of 0.06 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as there was no statistical significance in any of the three 
groups in the Friedman test.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.58 (p>0.05), fourth visit with 0.41 (p>0.05) and 
seventh visit with a p-value of 0.88 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Discussion 
A previous pilot study conducted by Enebo (2003) demonstrated that cervical spine 
manipulation can cause an increase in active cervical spine range of motion, as well as improve 
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the quality of the movement. The cervical spinal joints that were manipulated showed an 
increase in overall movement accuracy and a decreased overall movement variability  
It has also been shown that cervical spine manipulation can cause a decrease in nonspecific, 
generalised cervical spine pain that varies from acute to subacute conditions (Vincent et al, 
2013). Chiropractic manipulations are effective in the treatment of chronic and acute neck pain 
(Bronfort et al, 2001). Chiropractic manipulative techniques improve mechanical function in an 
area of dysfunction it is proposed that a single manipulation applied to the same side that pain 
is felt can cause a significant reduction in pain overall as well as improved range of motion 
(Cassidy et al, 1992). 
Previously discussed in chapter two, it was mentioned that a joint that has undergone abnormal 
movement causing a dysfunction can lead to compensatory change in other places in the spine. 
The changes can include, but are not limited to, altered vascularity, degeneration at the joint, 
scar tissue formation and joint and capsule adhesions. These changes can lead to hypomobility 
at the effected joint (Gatterman, 2005).  
The aim of chiropractic spinal manipulative therapy is to cause normal movement at a restricted 
segment. This is done by moving a hypomobile joint through it’s normal range of motion, past 
the elastic barrier of resistance and into the paraphysiological space. This concept is illustrated 
in figure 2.2. The popping sound (cavitation) that is sometimes audible with a joint manipulation 
is a shift in gasses within the joint. This increased space and change of pressure within a joint is 
termed “gapping” (Bergmann and Peterson, 2011).  
The movement that opens the facet joints during chiropractic spinal manipulative therapy is 
considered beneficial to the patient as the gapping that occurs opens the joint, breaking 
adhesions that may have formed as well as stimulating afferent nerves that innovate the 
effected joints and neighbouring joints causing a neurological change to occur ( Bergmann and 
Peterson, 2011). 
Spinal manipulative therapy is likely therefore to cause a reduction in pain and an increase in 
range of motion in the cervical spine (Cassidy et al, 1992). Spinal manipulative therapy restores 
healthy movement to the joint within normal physiological ranges (Gatterman, 2005).  
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Kinesioä taping has been shown to be a valuable modality in health care as it has a prolonged 
therapeutic effect. The continued stimulus of the glue of the tape on the skin causes a constant 
stimulation of cutaneous mechanoreceptors that cause increased proprioception (Murray and 
Husk, 2010). The application of Kinesioä tape on the skin allows for stimuli to be sent to afferent 
receptors in the skin that relay the signals to the mechanoreceptors of the nerve that initiates 
altered control of muscles in the surround area. This results in an overall effect in muscles in the 
same biomechanical chain (Kenzo et al, 2003).  
Kineso™ taping techniques allow for positional stimulation by offering sensory stimulation to 
assist and alter limited motion. This is achieved through correcting the function of weakened 
muscles, improving circulation of blood and lymph by eliminating fluid or bleeding beneath the 
skin by moving the muscle, decreasing pain through neurological suppression and repositioning 
restricted joints by relieving abnormal muscle tension assisting with normal function of fascia 
and muscle (Kenzo et al, 2003).  
The studies and references mentioned above support the findings in chapter four of this study, 
as well as the summary of information in table 5.1. Group three showed the most improvement 
in cervical spine range of motion, however cannot be considered a clinically significant 
improvement. This group received both spinal manipulations to the cervical spine and thoracic 
spine as well as core activation taping to the abdomen. Despite this being said the differences 
between all three groups were of negligible value. The above mentioned results in table 5.1 
show there was no statistical significant results. Therefore all groups can be seen as equal. 
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5.3.2 Plumb line  
Table 5.2: Plumb line clinical improvement per group 
Plumb line  
Group one Group two Group three 
Increase 
(centimetres) 
% 
increase 
Increase 
(centimetres) 
% 
increase 
Increase 
(centimetres) 
% 
increase 
Right 
earlobe 
0.64 4.22 0.05 0.3 0.39 2.37 
Left 
earlobe 
0.94 6.12 0.71 4.59 0.83 5.35 
Right 
acromion 
1.81 23.64 0.2 2.84 0.32 4.77 
Left 
acromion 
-0.51 -6.58 0.4 5.81 0.85 14.29 
Right iliac 
crest 
0.59 7.49 -0.04 -0.53 0.26 3.49 
Left iliac 
crest 
0.46 5.84 -0.18 -2.38 -0.35 -4.9 
 
As seen in table 5.2 most of the plumb line readings all improved during the course of the study. 
The desired effect was to have the left and right readings in the different groups be as close to 
symmetrical as possible. The improvement (more symmetrical values) shows that the 
participants’ posture was improved as the deviation away from the plumb line is more equal. 
Group one showed the closest to symmetrical values in the right and left earlobe readings, with 
group two showing the closest to symmetrical values in the right and left acromion readings and 
group three showing the closest to symmetrical values in the right and left iliac crest readings. 
Group one received cervical and thoracic spinal manipulations only, group two received core 
abdominal taping only and group three received a combination of cervical and thoracic spinal 
manipulations as well as core abdominal activation taping.  
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Plumb line right earlobe- statistical analysis  
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time as in group one with a p-value of 0.21 (p>0.05), group two with a p-value of 0.29 
(p>0.05) and group three with a p-value of 1 (p>0.05).  
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as in all three groups there was no statistical significance 
in the Friedman test.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.66 (p≤0.05), fourth visit with 0.94 (p>0.05) and 
seventh visit with a p-value of 0.84 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Plumb line left earlobe- statistical analysis  
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time as in group one with a p-value of 0.7 (p>0.05), group two with a p-value of 0.38 
(p>0.05), however there was a statistically significant difference over time in group three with a 
p-value of 0.00 (p≤0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one and two it was unnecessary to perform 
the Wilcoxon signed-rank test as they showed no statistical significance in the Friedman test.  
The Wilcoxon signed-ranked test showed that for group three showed statistically significant 
difference between the first and fourth visits with a p-value of 0.02 (p≤0.025). There was 
statistically significant differences between the first and seventh visits with a p-value of 0.01 
(p≤0.025). 
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.83 (p≤0.05), fourth visit with 0.87 (p>0.05) and 
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seventh visit with a p-value of 0.96 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Plumb line right acromion- statistical analysis  
During the intragroup analysis the Friedman test revealed there was statistically significant 
difference over time as in group one with a p-value of 0.00 (p≤0.05), group two with a p-value 
of 0.02 (p≤0.05), however there was no statistically significant difference over time in group 
three with a p-value of 0.21 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in group three it was unnecessary to perform the 
Wilcoxon signed-rank test as there was no statistical significance in the Friedman test.  
The Wilcoxon signed-ranked test showed that for group one there were no statistically 
significant differences between the first and fourth visits with a p-value of 0.05 (p>0.025). There 
was statistically significant differences between the first and seventh visits with a p-value of 0.00 
(p≤0.025).  
Group two showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.04 (p>0.025). There was no statistically significant differences between the first 
and seventh visits with a p-value of 0.12 (p>0.025).  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.81 (p≤0.05), fourth visit with 0.3 (p>0.05) and 
seventh visit with a p-value of 0.12 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate.  
Plumb line left acromion- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time as in group one with a p-value of 0.23 (p>0.05), group two with a p-value of 0.96 
(p>0.05), however there was a statistically significant difference over time in group three with a 
p-value of 0.00 (p>0.05). 
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The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one and two it was unnecessary to perform 
the Wilcoxon signed-rank test as there was no statistical significance in the Friedman test for 
either group.  
The Wilcoxon signed-ranked test showed that for group three showed statistically significant 
difference between the first and fourth visits with a p-value of 0.00 (p≤0.025). There was 
statistically significant differences between the first and seventh visits with a p-value of 0.00 
(p≤0.025). 
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.25 (p≤0.05), fourth visit with 0.05 (p>0.05) and 
seventh visit with a p-value of 0.05 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Plumb line right iliac crest- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time as in group one with a p-value of 0.43 (p>0.05), group two with a p-value of 0.15 
(p>0.05) and group three with a p-value of 0.74 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as there was no statistical significance in any of the three 
groups in the Friedman test.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.98 (p≤0.05), fourth visit with 0.49 (p>0.05) and 
seventh visit with a p-value of 0.69 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
  
90 
 
Plumb line left iliac crest- statistical analysis 
During the intragroup analysis the Friedman test revealed no statistically significant difference 
over time as in group one with a p-value of 0.45 (p>0.05), group two with a p-value of 0.96 
(p>0.05) and group three with a p-value of 0.6 (p>0.05). 
The Wilcoxon signed-rank test was only performed on data that had statistically significant 
differences in the Friedman test. Therefore in groups one, two and three it was unnecessary to 
perform the Wilcoxon signed-rank test as there was no statistical significance in any of the three 
groups in the Friedman test.  
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.99 (p≤0.05), fourth visit with 0.61 (p>0.05) and 
seventh visit with a p-value of 0.74 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Discussion 
Previously mentioned in chapter two, the atypical posture that develops due to upper cross 
syndrome produces an abnormal amount of stress on the cervicocranial junction (C0/C1), C4/C5 
segment and the T3/T4/T5 segments. The added stress and altered biomechanics can lead to 
the development of cervical and/or thoracic facet dysfunction that produces pain. The pain may 
result from overuse/injury at the facet joints in the spine. (Moore, 2004).  
Spinal manipulative therapy to the cervical thoracic spine can be a therapeutic tool to aid and 
assist with rectifying poor posture (Wyatt, 2004). Because posture is maintained by joints, 
muscles and nerves an action that can effect one, two all three of these components, can have 
an overall effect on posture as it alters the biomechanical chain, therefore changing the body’s 
positioning in space (O'Sullivana, O'Sullivana, O'Sullivana, Dankaerts, 2012).  
The movement that opens the facet joints during chiropractic spinal manipulative therapy is 
considered beneficial to the patient as the gapping that occurs opens the joint, breaking 
adhesions that may have formed as well as stimulating afferent nerves that innovate the 
effected joints and neighbouring joints causing a neurological change to occur ( Bergmann and 
Peterson, 2011). 
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Murray and Husk (2010) described the mechanoreceptor and proprioception effects of Kineso™ 
tape, Jardine (2009) also described the tapes ability to affect sensorimotor mechanisms 
ultimately causing a change in pain reception. 
The core strapping is postulated to effect the muscles underlying the tape by increasing blood 
flow to the area under the tape, therefore having effects on the physiological muscle and fascia 
functions, causing increased muscular activity. The superficial skin stimulation also causes 
activity at the cutaneous mechanoreceptors altering nervous input to the surrounding tissues 
(Yoshida and Kahanov, 2007). These effects would cause for core activation, resulting in an 
improvement of the upper cross syndrome posture. This would happen as a result of a decrease 
in pelvic tilt that would cause a chain reaction ultimately levelling eye level, shoulder level and 
iliac crest level. The correlation of the correction of the pelvic tilt and how it links to upper cross 
syndrome in shown in figure 2.1. 
 
The application of Kinesioä tape on the skin allows for stimuli to be sent from afferent receptors 
in the skin to mechanoreceptors of the nerve that then initiate altered control of muscles in the 
surrounding area, therefore resulting altered stimulation to surrounding tissues and having an 
overall effect on muscles in the same biomechanical chain (Chen et al, 2007). The positioning of 
the participant and the application of anterior tape will assist in achieving a more neutral pelvic 
tilt (Helwig, 2019). Correct posture consists of a posterior pelvis tilt, with this the core engaged, 
the shoulders retract and the head pulled into a neutral position (O’Sullivana et al, 2012).  
The studies and literature referenced above support the findings of this study mentioned in 
chapter four and the summary table 5.2. All three groups improved in their plumb line readings. 
However with this considered there were areas of unequal improvement. None of the three 
research groups showed a clear distinction greater improvement of the plumb line readings 
versus another group. This is substantiated by the literature as the participants in the 
chiropractic manipulation to the cervical and thoracic spine only, as well as the core activation 
taping only group and the combination group are all expected to improve as stated by the 
references above.  Statistically despite the significant values shown in the summary table 5.2 
and the figures related to the plumb lines in chapter four, there are not significant values to 
have an overall statistically significant result. Therefore all groups can be seen as equal. 
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5.4 Subjective data analysis 
5.4.1 Pain visual analogue scale and the numerical pain rating scale 
Table 5.3: Pain visual analogue scale and the numerical pain rating clinical improvement per 
group 
 
Group one Group two Group three 
Decrease 
% 
decrease 
Decrease 
% 
decrease 
Decrease 
% 
decrease 
Pain visual 
analogue 
scale and 
numerical 
pain rating 
scale 
3.8 25.5 3.1 35.42 3.0 26.23 
 
As seen in table 5.3 all the pain visual analogue scale and the numerical pain rating scale ratings 
decreased during the course of this study for all three groups. A decrease in this subjective 
reading was the aim of this aim study. This indicates that the participant’s perception of pain 
decreased throughout the study. Group two showed the most improvement in this data set with 
a decrease of 35.42%. This group received Kinesioä abdominal core taping only.  
Statistical analysis 
During the intragroup analysis the Friedman test revealed there were statistically significant 
differences over time as in group one with a p-value of 0.00 (p≤0.05), group two with a p-value 
of 0.00 (p≤0.05) and group three with a p-value of 0.00 (p≤0.05). 
The Wilcoxon signed-ranked test showed that for group one that were no statistically significant 
differences between the first and fourth visits with a p-value of 0.13 (p>0.025). There was 
statistically significant differences between the first and seventh visits with a p-value of 0.00 
(p≤0.025).  
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Group two showed statistically significant difference between the first and fourth visits with a 
p-value of 0.01 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025).  
Group three showed no statistically significant difference between the first and fourth visits with 
a p-value of 0.13 (p>0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
The Kruskal-Wallis test revealed there was no statistically significant difference at the first visit 
with a p-value of 0.41 (p≤0.05), fourth visit with 0.37 (p>0.05) and seventh visit with a p-value 
of 0.44 (p>0.05). There was no difference between the groups as all three groups improved at a 
similar rate. 
5.4.2 Northwick Park Pain Questionnaire 
Table 5.4: Northwick Park Pain Questionnaire clinical improvement per group  
 
Group one Group two Group three 
Decrease 
% 
decrease 
Decrease 
% 
decrease 
Decrease 
% 
decrease 
Northwick 
Park Pain 
Questionnaire 
16.75 25.56 16.92 30 15.69 19.29 
 
As seen in table 5.4 all the Northwick Park pain questionnaire ratings decreased during the 
course of this study for all three groups. A decrease in this subjective reading was the aim of this 
aim study. This indicates that the participant’s perception of pain decreased throughout the 
study. Group two showed the most improvement in this data set with a decrease in 30%. This 
group received Kinesioä abdominal core taping only.  
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Statistical analysis 
During the intragroup analysis the Friedman test revealed that there were statistically significant 
differences over time as in group one with a p-value of 0.00 (p≤0.05), group two with a p-value 
of 0.00 (p≤0.05) and group three with a p-value of 0.00 (p≤0.05).  
The Wilcoxon signed-ranked test showed that for group one there were statistically significant 
difference between the first and fourth visits with a p-value of 0.00 (p≤0.025). There were 
statistically significant differences between the first and seventh visits with a p-value of 0.00 
(p≤0.025).  
Group two showed statistically significant differences between the first and fourth visits with a 
p-value of 0.01 (p≤0.025). There were statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025).  
Group three showed statistically significant differences between the first and fourth visits with 
a p-value of 0.02 (p≤0.025). There was statistically significant differences between the first and 
seventh visits with a p-value of 0.00 (p≤0.025). 
During intergroup analysis the Kruskal-Wallis test revealed there was no statistically significant 
difference at the first visit with a p-value of 0.1 (p≤0.05), fourth visit with 0.42 (p>0.05) and 
seventh visit with a p-value of 0.42 (p>0.05). There was no difference between the groups as all 
three groups improved at a similar rate. 
Discussion  
It was proposed by Cassidy et al (1992) that a single spinal manipulation applied to the same 
side that pain is felt can cause an immediate significant reduction in pain overall as well as 
improved range of motion. Spinal manipulative therapy to the cervical and thoracic spine is a 
useful and beneficial therapy treatment for neck and upper back and can assist with correcting 
posture (Wyatt, 2004).  
Spinal manipulation performed to a restricted segment causes restoration of normal afferent 
input to the central nervous system. This action balances and re-establishes normal nociception, 
reflexes, muscle tone, joint mobility and sympathetic activity (Gatterman, 2005). Chiropractic 
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manipulation to the affected area can cause a decreased strain on the joint and result in a 
decrease in muscle spasm surrounding the joint. This would cause the nociceptive input to the 
spinal cord to be diminished or completely ameliorated (Gatterman, 2005).  
Spinal manipulative therapy is beneficial in the reduction of pain, increase in normal movement 
of the cervical spine and can have a neurological effect (Vincent et al, 2013; Bergmann and 
Peterson, 2011; Cassidy et al, 1992).  
The core is the “power house” of the body as it is the body’s center of gravity and from where 
all movements are initiated. The core is responsible for the development of power, maintain 
balance and stability as well as being responsible for the coordination during movement. When 
there is underactivity within the core or an unbalanced distribution of force it can result in 
muscular dysfunction, pain production and abnormal movement (Handzel, 2003). 
Manual therapies can cause an interruption in somaticoautomatic reflexes that are harmful to 
our wellbeing. These reflexes can be altered with manipulation to restrict transmission of 
impulses to the central nervous system (Gatterman, 2005). Analgesia by spinal manipulation can 
be achieved as the action of spinal manipulations activates and supplies input to superficial and 
deep somatic mechanoreceptors, proprioceptors and nociceptors. The overall outcome of this 
activation is a strong afferent sensory impulses that block nociceptive signals to the central 
nervous system (Davis et al, 2017). 
The effects of taping application on the skin can cause a decrease in pain through neurological 
suppression in the area in which the tape has been applied (Kenzo et al, 2003). In addition to a 
pain-gate mechanism of blocking, in which C fibres have an altered impulse, causing for a change 
in the perception of pain, Kineso™ tape  has been proven to assist with relieving abnormal 
muscle tension and assisting in having the function of the fascia and muscle return to normal 
(Kenzo et al, 2003).  
 
The studies and literature referenced above support the findings of this study mentioned in 
chapter four and the summary tables 5.3 and 5.4. Group two showed the most improvement 
overall in the pain visual analogue scale and the numerical pain rating scale and in the Northwick 
Park Pain Questionnaire. It is suspected that this is due to the group one and group three 
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suffering from the usual side effects of spinal manipulation, such as stiffness, that can be 
misinterpreted as discomfort or pain. Statistically however there was not enough of a difference 
in results to produce an overall statistically significant result. Therefore all groups can be seen 
as equal. 
Overall discussion  
The three discussion points highlighted above that incorporated the summarised tables 5.1, 5.2, 
5.3 and 5.4 have demonstrated in this study all three clinical groups had similar improvements 
and could therefore be seen as equal treatment options in the management of upper cross 
syndrome. The participants of group three that received chiropractic manipulations to the 
cervical and thoracic spine as well as core abdominal taping was postulated to fare the best in 
this study as the participants were receiving the benefits of both treatment options, however 
this was not statistically evident.  
It is possible that the treatment groups that received the individual treatments (chiropractic 
manipulations to the cervical and thoracic spine only, and core abdominal taping only) improved 
as shown in the tables mentioned above due the benefits stated in the literature. The lack of 
statistically significance changes could be narrowed down to the small time frame in which the 
treatments were applied or that in addition to some benefits the normal adverse reactions of 
both treatments caused a discomfort that was interrupted as pain when re-evaluation tests 
were conducted at the fourth and seventh visits.    
The combination research group that received the chiropractic manipulations to the cervical and 
thoracic spine as well as the core abdominal taping would have had the benefits of both 
treatments options however the participants of that group were also likely to suffer of the 
adverse reactions of both treatments, hence feel as there was no or little improvement.  
Overall with the subjective and objective data analysed it is shown that none of the three 
treatment options were superior to the next as they all had similar results. Due to this all three 
treatment options can be considered equal.   
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Chapter 6- Conclusion and Recommendations 
6.1 Conclusion  
The aim of this study was to compare the effectiveness of cervical and thoracic manipulations, 
Kinesioä abdominal core taping and the combination of the two in the management of upper 
cross syndrome. 
This study showed that spinal manipulations to the cervical and thoracic spine and Kinesioä 
abdominal core taping can be used alone or together to have a clinical effect as shown in the 
three study groups. Group two showed the most improvement in the subjective data with the 
pain visual analogue scale and the numerical pain rating scale as well as the Northwick Park Pain 
Questionnaire. Group three showed the most all-rounded improvement in the objective data 
for cervical range of motion with increases flexion, extension, right lateral flexion, left lateral 
flexion, right rotation and left rotation. All three groups had very similar improvements in the 
plumb line readings. Despite not being able to statistically justify which group had the greatest 
improvement, clinically it is possible to recognise that all three treatments were valuable as the 
data proves all the participants improved with time in the subjective and objective data sets.  
In conclusion, despite the statistical significance being low there was an improvement in the 
participants of this study. From the statistical analysis it is seen that any of the three treatments 
protocols could be a beneficial treatment protocol in the management of upper cross syndrome 
as all three treatment protocols can be considered equal in this study.  
6.2 Recommendations  
To further improve this study, should it be repeated, the results could be improved with 
following recommendations: 
• When recruiting participants it is advised to try obtain an equal amount of males and 
females to partake, as well as trying to distribute them equally amongst the three groups. 
The gender discrepancies could possibly effect the results  
• Having more participants partaking in the study may cause a change in the results making 
the data possibly more representative of a greater part of the population  
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• The researcher could possibly have an additional follow-up a month after the last treatment 
session to further assess the lasting effects of the treatments prescribed in this study  
• A long term study could be done to allow for the possibility of results to develop as the short 
clinical trial may not have allowed for the results to effect the possible maximum benefit  
• Different taping mechanisms could be performed and compared to one another to see 
which one is most beneficial 
• A new study could be conducted where chiropractic manipulations, core taping and 
rehabilitative exercises for upper cross syndrome are compared to determine their 
effectiveness in the management of upper cross syndrome over a longer duration to 
compare the three treatment protocols 
• Measurements could be taken before and immediately after treatment to determine the 
immediate effects chiropractic manipulations and core abdominal taping has on the 
management of upper cross syndrome to assess the effectiveness and efficiency of the 
treatment protocols  
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Appendix A- Advertisement 
RESEARCH 
DO YOU SUFFER FROM UPPER BACK AND NECK PAIN? 
 
 
 
 
 
 
 
 
 
 
You are invited to participate in a research study to compare cervical and thoracic 
manipulations and Kinesio core taping in the management of upper cross syndrome. 
The study will take part at the UJ Chiropractic Clinic, 88 Sherwell Street, 
Doornforntein. 
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Appendix B- Information letter 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
DATE: 
Good Day 
My name is Rebecca Mocke and  I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research 
study on cervical and thoracic manipulation and Kinesio abdominal core taping in the 
management of upper cross syndrome. 
Before you decide on whether to participate, I would like to explain to you why the research is 
being done and what it will involve for you. I will go through the information letter with you 
and answer any questions you have. This should take about 10 to 20 minutes. The study is part 
of a research project being completed as a requirement for a Master’s  Degree in Chiropractic 
through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to compare the effects of cervical and thoracic 
manipulation and Kinesio core taping in the management of upper cross syndrome. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read through 
these. If you have any further questions I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate in the 
study. I will describe the study and go through this information sheet. If you agree to take part, 
I will then ask you to sign a consent form.  
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WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? You will be required 
to come into the UJ Chiropractic clinic seven times within 3 weeks. You will receive a chiropractic 
treatment six times and the seventh consultation is purely for data collection. 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to participate, 
you are free to withdraw your consent at any time without giving a reason and without any 
consequences. If you wish to withdraw your consent, you should inform me as soon as possible. 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT DUE TO 
ME: You will not be paid to participate in this study and you will not bear any expenses of 
participating either. 
RISKS INVOLVED IN PARTICIPATION are minimal, but you may experience stiffness or a 
headache from the cervical and thoracic manipulations, or a skin reaction to the taping. 
BENEFITS INVOLVED IN PARTICIPATION would be possible relief of pain in the neck and upper 
back. 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on the 
questionnaire/data sheet will be removed once analysis starts. All data and back-ups thereof 
will be kept in password protected folders and/or locked away as applicable. Only I or my 
research supervisor will be authorised to use and/or disclose your anonymised information in 
connection with this research study. Any other person wishing to work with your information 
anonymised as part of the research process (e.g. an independent data coder) will be required to 
sign a confidentiality agreement before being allowed to do so. 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be written 
into a research report that will be assessed. In some cases, results may also be published in a 
scientific journal. In either case, you will not be identifiable in any documents, reports or 
publications. You will be given access to the study results if you would like to see them, by 
contacting me.  
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by me, under 
the guidance of my research supervisor at the Department of Chiropractic in the University of 
Johannesburg. This study has not received any funding. 
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WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to start, it 
was reviewed in order to protect your interests. This review was done first by the Department 
of Chiropractic, and then secondly by the Faculty of Health Sciences Research Ethics Committee 
at the University of Johannesburg. In both cases, the study was approved. 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research 
study, its procedures or risks and benefits, you should ask me. You should contact me at any 
time if you feel you have any concerns about being a part of this study. My contact details are:  
Rebecca Mocke 
071 679 5144 
rcf.mocke@gmail.com 
You may also contact my research supervisor: 
Dr Chris Yelverton 
chrisy@uj.ac.za 
If you feel that any questions or complaints regarding your participation in this study have not 
been dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences 
Research Ethics Committee at the University of Johannesburg: 
Prof. Christopher Stein 
011 559-6564 
cstein@uj.ac.za  
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific 
information about this research project information, have any questions, concerns or 
complaints about this research study, its procedures, risks and benefits, you should 
communicate with me using any of the contact details given above. 
Researcher: 
Rebecca Mocke  
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Appendix C- Consent form 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
 
A comparison of cervical and thoracic manipulation and Kinesio abdominal core taping in the 
management of upper cross syndrome 
 
Please initial each box below: 
I confirm that I have read and understand the information letter dated _________ 
for the above study. I have had the opportunity to consider the information, ask 
questions and have had these answered satisfactorily. 
I understand that my participation is voluntary and that I am free to withdraw from 
this study at any time without giving any reason and without any consequences to me. 
 
I agree to take part in the above study. 
 
_______________________       ___________________________________ ___________ 
Name of Participant        Signature of Participant      Date 
 
_______________________      ___________________________________ ___________ 
Name of Researcher       Signature of Researcher    Date  
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Appendix D- Contraindications to cervical spine manipulation (Esposito and Philipson, 2005) 
 
Appendix E- Higher Degrees Committee clearance letter  
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Appendix E- Higher Degrees Committee clearance letter 
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Appendix F- Research Ethics Committee clearance letter  
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Appendix G- Northwick Park Pain Questionnaire 
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Appendix H- Pain visual analogue scale and the numerical pain rating scale 
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Appendix I- CROM and plumb line readings  
CROM READINGS 
(°)    
CONSULTATION 1 4 7 
Flexion    
Extension    
Lateral Flexion Right    
Lateral Flexion Left    
Rotation Right    
Rotation Left    
 
PLUMB LINE READINGS 
(𝒄𝒎)    
CONSULTATION 1 4 7 
Ear Lobe Right    
Ear Lobe Left    
Acromion Right    
Acromion Left    
Iliac Crest Right    
Iliac Crest Left    
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Appendix J- Case history clinic form  
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Appendix K- Physical examination clinic form  
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Appendix L- Cervical spine regional clinic form  
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Appendix M- SOAP note clinic form 
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Appendix N- Spinal manipulative therapy techniques  
Posterior Superior Occiput (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with headpiece in neutral 
• Doctor position: homolateral to the listing in a toggle stance at right angles to the patient 
facing towards the patient 
• Contact hand: caudal hand. Thumb pad contact over the posterior-inferior aspect of the 
mastoid process. Palmer contact over cheek and mandible with the 5th digit just inferior to 
the jaw. The forearm is parallel and close to the patient’s sternum 
• Indifferent hand: Cephalad hand. Patients ear between thumb and index finger with the 
palm and remaining fingers supporting the occiput. The index and middle fingers split the 
sternocleidomastoid muscle. 
• Technique: cephalad traction with contact and indifferent hands. The indifferent hand then 
laterally flexes between occiput and atlas, homolateral to the listing. The contact hand then 
induces a quick rotation to the occiput through the mastoid contact. 
• Line of dive: mastoid-to-mastoid, in line with the eyes 
 
Lateral Occiput (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with headpiece in neutral position 
• Doctor position: square stance at the side of the headpiece 
• Contact hand: caudal hand, pisiform contact on the lateral aspect of the mastoid process. 
Form a Chiropractic Arch with the fingers on the mandible 
• Indifferent hand: cephalad hand. Patient’s ear between thumb and index finger with the 
palm and remaining fingers cupping the occiput. The index and middle fingers split the 
sternocleidomastoid muscle. 
• Technique: rotate the head to get the contact then return to neutral. Traction, laterally flex 
and then rotate the head 45⁰ until sufficient joint tension is achieved over the segment. The 
thrust is a pectoral impulse making sure to keep the wrist straight. 
• Line of drive: lateral, through the line of the eyes 
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Lateral Atlas pisiform (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with headpiece in neutral position 
• Doctor position: squatting position at the head of the table facing 45⁰ caudal homolateral 
to the listing. Both arms held close to the body with the sternal notch over the contact point 
at the final position. 
• Contact hand: caudal hand. Padded pisiform contact on the transverse process of the atlas 
• Indifferent hand: cephalad hand. Rotate the patients head into the cupped indifferent hand 
with fingers securely against the rim of the occiput. Then bring the patient’s head back to 
neutral. 
• Technique: indifferent hand provides cephalad traction while the contact hand removes 
joint slack in the plane of lateral flexion. The forearm of the contact hand should be close to 
the torso and the shoulder must be lowered. 
• Line of drive: pectoral impulse thrust, slightly cephalad 
 
Cervical Break 1- Rotary Restrictions (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with the headpiece in a neutral position. Head must be slightly 
rotated 45⁰ to the contralateral side. 
• Doctor position: homolateral to the listing, in a square stance at right angles to the patient  
• Contact hand: caudal hand with an index contact over the articular process of the involved 
segment. Forearm parallel to the ground. 
• Indifferent hand: cephalad hand, cups ear with palm. Index and middle finger split the 
sternocleidomastoid muscle. 
• Technique: skin slack removed from posterior to anterior. The indifferent hand induces 
cephalad traction, lateral flexion and slight rotation of the patient’s head. 
• Line of drive: straight across, in line with the eyes 
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Cervical Break 2- Lateral flexion restrictions (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with the headpiece in a neutral position 
• Doctor position: homolateral to the listing, in a square stance at right angles to the patient. 
• Contact hand: caudal hand index contact on the posterior aspect of the articular process of 
the involved segment. Forearm parallel to the ground. 
• Indifferent hand: cephalad hand, cups ear with palm. Index and middle finger split the 
sternocleidomastoid muscle. 
• Technique: skin slack is taken from posterior to anterior. The indifferent hand induces 
cephalad traction and lateral flexion. 
• Line of drive: thrust is straight across and slightly cephalad 
 
Cervical Rotary Thumb (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with the headpiece in a neutral or slightly elevated position. 
• Doctor position: at the head of the patient, slightly towards the listing side at a 45⁰ angle. 
• Contact hand: caudal hand, palmer aspect of thumb on articular process of the involved 
segment. Palm is against the mandible with fingers pointing cephalad. 
• Indifferent hand: cephalad hand. Cups ear with the fingers supporting the occiput and 
slightly flexing the head. 
• Technique: rotate head slightly to get contact with articular process then bring head back to 
neutral. Skin slack is removed from posterior to anterior. Laterally flex the cervical spine and 
rotate the head to 45⁰-60⁰ until articular locking occurs. Thrust is a pectoral impulse. 
• Line of drive: in an arc around the axis of the cervical spine 
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Bench Thumb Movement (Kirk, Lawrence and Valvo, 1998) 
• Patient position: prone antigravity with the headpiece lowered or in a neutral position. Head 
will be turned away from the doctor 
• Doctor position: fencer’s stance, facing cephalad, shoulders square on the contralateral side 
to the listing 
• Contact hand: cephalad hand. Thumb pad on lateral aspect of the involved spinous process. 
Forearm parallel to the floor. 
• Indifferent hand: caudal hand, palm cups the ear and tractions head cephalad and into 
further rotation. 
• Technique: skin slack is removed from infero-lateral to supero-medial onto the spinous 
process of the involved vertebra. Contact hand takes contact, indifferent hand rotates the 
patient’s head into further rotation. The adjustment is delivered at the end of expiration 
when all joint slack is removed. 
• Line of drive: thrust is straight across, laterally  
 
Reverse Thumb Movement (Kirk, Lawrence and Valvo, 1998) 
• Patient position: prone antigravity with the head piece lowered or in neutral. Head will be 
turned towards the doctor 
• Doctor position: fencer’s stance, facing cephalad, shoulders square. Homolateral to listing 
• Contact hand: caudal hand thumb pad on the lateral aspect of the involved spinous process. 
Forearm parallel t the floor. Thumb is held and locked close to the hand. 
• Indifferent hand: Cephalad hand, palm cups the ear and tractions head cephalad and into 
further rotation. 
• Technique: skin slack is removed from infero-lateral to supero-medial onto the spinous 
process of the involved vertebra. Contact hand takes contact, indifferent hand rotates the 
patient’s head into further rotation. The adjustment is delivered at the end of expiration, 
when all joint slack is removed. 
• Line of drive: straight across, laterally  
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Combination Movement (Kirk, Lawrence and Valvo, 1998) 
• Patient position: prone, antigravity. Head pieces slightly lowered or neutral 
• Doctor position: fencer’s stance facing cephalad, homolateral to the listing 
• Contact hand: caudal hand. Skin slack is removed from infero-medial to supero-lateral. 
Pisiform contact on the ipsilateral transverse process of the involved vertebra, forearm at 
right angles to the hand and arm is locked in extension. 
• Indifferent hand: cephalad hand. Palmar contact on the homolateral side of the patient’s 
cheek and head. Provides cephalad traction, palm cups the ear 
• Technique: doctor must lean their body weight onto the cephalad hand over the contact. 
Thrust is delivered as a straight arm body drop at the end of expiration when joint slack has 
been removed. Adjustment is delivered through the contact hand only. The indifferent hand 
tractions the head out of the head piece. 
• Line of drive: posterior-to-anterior, and slightly inferiorly  
 
Specific Combination Movement (Kirk, Lawrence and Valvo, 1998) 
• Patient position: prone, antigravity. Head pieces slightly lowered or neutral 
• Doctor position: fencer’s stance facing cephalad, contralateral to the listing 
• Contact hand: cephalad hand. Skin slack is removed from infero-medial to supero-lateral. 
Pisiform contact on the ipsilateral transverse process of the involved vertebra, forearm at 
right angles to the hand and arm is locked in slight flexion. 
• Indifferent hand: caudal hand. Palmar contact on the homolateral side of the patient’s cheek 
and head homolateral to the listing and provides cephalad traction. Palm cups the ear 
• Technique: doctor must lean their body weight onto the cephalad hand over the contact. 
Thrust is delivered as a straight arm body drop at the end of expiration when joint slack has 
been removed. Adjustment is delivered through the contact hand only. The indifferent hand 
tractions the head out of the head piece. 
• Line of drive: posterior-to-anterior, and slightly inferiorly  
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Anterior Thoracic (Kirk, Lawrence and Valvo, 1998) 
• Patient position: supine with the head pieces slightly raised, arms crossed over the chest. 
The arm that is contralateral to the doctor is crossed on top of the arm that is homolateral. 
• Doctor position: at the side of the table, on the side of preference, standing at the level of 
the patient’s waist, facing cephalad and in fencer’s stance. The doctor reaches across the 
anterior aspect of the patient’s chest with the caudal hand as the contact hand, allowing for 
optimal control. 
• Contact hand: caudal hand is placed on the segment below the listed segment. Distal and 
proximal interphalangeal joints of the 2nd-5th digits flexed and the spinous process is placed 
between the calcaneal region and the flexed fingers. 
• Indifferent hand: doctor grasps the patient’s superior arm, forearm contacts the patient’s 
flexed arms and doctor’s sternum contacts their own forearm. Doctor tractions patient in a 
caudal direction. 
• Technique: patient turns head away from the doctor in forward flexion (chin to chest). 
Doctor passively flexes patient’s thoracic spine, maintaining traction in a caudal ad posterior 
direction. At the end of expiration, the doctor employs a quick body drop towards the 
contact hand in a posterior and oblique direction. 
• Line of drive: anterior-to-posterior and slightly cephalad. 
 
Phalangeo-Metacarpal (Kirk, Lawrence and Valvo, 1998) 
• Patient position: prone antigravity 
• Doctor position: fencer’s stance facing cephalad at the side of the table contralateral to the 
listing 
• Contact hand: at the side of the table. Right phalangeo-metacarpal contacts right transverse 
process of the involved vertebrae when standing on the right and left phalangeo-metacarpal 
contacts left transverse process of the involved vertebrae when standing on the left. Skin 
slack is removed from inferior to superior. 5Th  digit extended and parallel to the spine while 
other fingers interlaced with the fingers of the indifferent hand. Elbow straight or slightly 
locked in slight flexion and arms held close to the doctor’s body. 
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• Indifferent hand: left phalangeo-metacarpal contacts left transverse process of the involved 
vertebrae when standing on the right and right phalangeo-metacarpal contacts right 
transverse process of the involved vertebrae when standing on the left Slide hand in with 
skin slack. 5th digit extended and parallel to the spine, other fingers interlaced with the 
fingers of the contact hand. Elbow straight or locked in slight flexion and arms held close to 
the doctor’s body. 
• Technique: thrust consists of a posterior to anterior thrust combines with a simultaneous 
scoop action of the wrist. Thrust is delivered at the end of expiration when all joint slack has 
been removed. Scoop action is manifested as a radial deviation of the wrist. Thrust is 
delivered through the contact hand only. 
• Line of drive: posterior-to-anterior, slightly inferiorly 
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Appendix O- Turnitin report  
 
 
 
 
